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Related Study Assignment No. 1: Introduction to Microwaves 

Objective: * 

Upon completion of this assignment, 'the student will be able to: . 
^(1) list the microwave frequency spectrum in megahertz or glgahei^fe ' 
and list the wavelength of each band in centimeters, (2) write ^rllst 
of safety-precautions to be observed while working with microwave 
equiprtT^nt, (3) describe briefly to the "i nstructor the modern uses of 
microwaves, and (k) successfully pass a written examination with a 
score of 75 or more. \ 

Introduction:. 

This R.S.A. will introduce to the communications student a section of 
the* radio frequency spectrum known as the microwave * region . 

I 

"Microwaves have existed since the early beginnings of radio but were 
, really developed to a high degree during World War II. Probably the 
greatest use of that time was radar , a series of directional, high- 
powered bursts of energy that are transmitted, travel to a distant ob- 
ject, bounce off this object, and return to the waiting receiver 
as useful data. Slnc^fts fcarly use by the military forces, micro- 
wave technology has advanced rather rapidly and 6bday highly sophis- 
ticated networks of microwave relay stations carry data to every coTvter^ 

of our nation. \ 

* ■ « 

Modern day uses of microwave energy Include the transmission of tele- 
vision programs, telephone messages, telemetry data, -satel 1 i te. data, 
and space* capsule communications. EverrTrHcrowave ovens prepare food 
in our homee. 

One characteristic of microwaves is that the wavelength Is such that 
electrical circuits may be built whose physical dimensions are near 
4. the operating wavelength. Another characteristic of microwave circuits 

is that the location or position of elements within the circuit becomes 
critical. Voltages and currents may be different values In relation 
to the relative position of components (i. e. a conductor 3 centimeters 
long carrying energy In the 3 cm microwave band will have two voltage 
maximums and two voltage minlmums and the maxlmum-to-mlnlmum spacing 
will be one quarter wavelength). 

As a matter of further explanation, resistance, capacitance, and In- 
ductance are uniformly distributed over the entire length of a transmis- 
sion line and If the path is large in, relation to the wavelength, 
the voltage (and current) will vary from zero to maximum many times 
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along the line. Figure la depicts a line with its distributed resis- 
tance, capacitance and inductance. Figure lb shows how voltage (and 
current) may vary along the .length of the line. Unlike DC or low 
frequency AC, propagation of microwave energy along a line is depen- 
dent on electric and magnetic fields. ' This will be covered in the 
R.S.A. on transmission lines. 



-TTtRT*- 
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Fig. la 

Distribution of Resistance, Capacitance, and 
Inductance along a Transmission Line 



\ ■ 
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Fig. lb 

Voltage (or Current) Distribution along a - t 
Conductor at Microwave Frequencies 

The student should be aware of some safety precautions when working 
In the proximity of microwave equipment. First, stand away from the 
open end of waveguide? (a special microwave transm ssion line). 
Enerqy that is radiated from an open-ended waveguide may cook a 
person in the same manner that is used in a microwave oven to prepare 
food. This energy penetrates food and produces heat internally as well 
as on the surface. This heat, unlike the radiant heat of a conventional 
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Introduction: Continued K t > ' . **1 

oven, Is produced by molecular friction or agitation of molecules' due 
to the rapid reversal of current flow. Some deaths have occurred, 
although rarely, by "cooking 11 the Victim through carelessness or ig- 
norance while working^ on or near microwave sources such as radar trans- 
mitters. ' , . 

Second, be sure all shields on circuits are in their proper places. 
This reduces radiation, and covers terminals' that are connected to dan- 
gerous potentials. Microwave power supplies may contain, lethal voltages 
and should be treated with the same respect as given to other sources 
of power, f — % 

Some new terms will be encountered .in the study of microwaves. The 
student should familiarize himself with these to better understand 
microwave theory and applications, 

S 

Waveguide--A hollow metal conductor of microwave energy. 

Parabolic Antenna--A dish-shaped antenna used to focus microwave energy 
into a narrow beam, 

« * 

Horn Antenna — A device that is flared like a funnel or megaphone and 
is attached to a transmission line to radiate directional microwave 
energy. 

Mode — A pattern of electromagnetic waves along a transmission line or 
within a cavi ty, 

„ ' ■ *» 

Klystron — A special vacuum tube that contains a tuned cavity in addition 
to other electrodes, v ^ * • 

Magnetron — A high powered, multi-cavity tube principally used in radar. 

Cutoff frequency — The frequency of the dominant [node of a rectdfigular 
waveguide whose wavelength is twice the widest dimension of the wave- 
guide. 

Transverse ElectrTSsWave — An electromagnetic wave in a rectangular ✓ 
waveguide known as tiW TEj g jpode. 'This wave has, an electric ffeld 
vector that is perpendicular to the direction of propagation. 

References: 

1, Robert L,. Shrader, v ELECTRONIC COMMUNICATIONS, 3rd Ed,, Gr$gg/ * 
McGraw-Hil 1 Book Co, Read £ages 638—655. . 

2, Harold E. Ennes, AM/FM BROADCASTING: EQUIPMENT, OPERATIONS, AND 
MAINTENANCE, 1st Ed,, Howard tf. Sams Publishing Co, Read pages 
3M--355. ' 
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Study Questions: 

K ^What are some modern uses of microwaves? 

»\ 

2. What are the frequencies and wavelengths of L, S, J, X, and P . 
. band, microwaves? 



j 



3. What are s6i¥fe safety precautions you must observe? . ^ 

h. What types of transmission lines £?k used for microwave frequencies 



5. What s&fety precautlQns should be observed with or around micro- 
wave equipment? - \ 
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Job: Plotting Microwave Frequencies 
Objective 



The student wil'l: (l) Draw a graph depicting the various microwave ' 
' Treauenctes-ani 2)' dentify the various microwave bands by the proper 
Setter designation and give "the wavelength in centimeters and -nches 
for each band. 

Job Information: 

The student should familiarize himself with the metric System of 
v Inurement if he has not already done so. A meter ,s approximately 
39.4 inches which is slightly longer than a ya r,ds tick. It t d ' v ^_ 
into measurements using 10 as a base. One tenth of a meter is a dec. 
met er one one-hundreth is a centimeter, and one one-thousandth of a 
meter is a mi 1 1 imeter. 

* Mo<;t microwave wavelengths are identified in centimeters (cm). These 
^eleig^y be calculated using the formula 300 , frequency .n 
megahertz times 100 (Fern = 300^ x 100). 
* FMHz 
Tools, Materials, and Equipment:" 



Z. 

3: 



Graph paper 

Ruler 

Pencil 



References: ■ » 

1. R-.S.A. 1 of Microwave and ELECTRONIC COMMUNICATIONS. 

■Procedure^\ 

1 Draw a graph showing the microwave frequency spectrum. Use the 
' frequency as the horizontal direction (axis) and wavelength in 

2. '^nlrfy^ P-Per letter designation 

L, G, M, etc.). . ' 

Job Questions: 

*• 1. How did you calculate the wavelength (in centimeters) for the various 
microwave bands? 

2% ' How would yoif write 2.15 gigahertz in Hertz per second? 
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3. How would you wrlte^7^J2 gigahertz In megahertz per second? 

k. How would you write 7.152 gigahertz In thousandths of megahertz 
per second? 9 
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Related Study Assignment No. 2: Microwave Systems 
Ob j ect i ve : 

Upon completion 'of -th'is assignment the student will t>e able to: j 

(1) Identify the various sections that comprise a microwave system, 

(2) state the purpose of each section of a mlerowaye ^section, and 

(3) pass a written examination on microwave systems with a grade of 
^J5 or more. , * . 

Introduction: 

A. typical microwave system contains several circuits or devices that 
perform different functions* to transmit and receive data (Fig. 1). 
Most of these circuit names are familiar to the communications student 
but some of the devices work differently from those encountered pre- 
viously. This study shall encompass the purpose and function of each 
major section of the overall system. 
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Block Diagram of Typical Microwave System 
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Microwave Oscillator 

Micrdfc/ave oscillators are generators o^ ultra-high, super-high, and - 
extremely- high frequencies. They m^y be special vacuum tubes or more 
recently, solid state devicd*. The theory of how these units operate 
electrically will be covered in aJateV lesson, 

'Some microwave oscillators are: (l) The klystron, (2) the magnetron, 
(3) the traveling wave tube,. (A) the backwave oscillator, and (5) solid 
state devices such as transi stors , 'tunnel diodes, Gunn diodes, and 
1 incited,, space-charge accumulation diodes, , . ^ 

Modulator 

The modulator an*d its associated baseband amplifier Is employed in the 
microwave transmitter to Impre.ss data onto the microwave carrier. It 
consists of several subassemblies including variable pads for level 
adjustments', a differential amplified, driver, <and output. Optional 
accessories are also ^vailable. 

Since most carriers are frequency modulated, pr^eemphasis of ^he modulating 
signal is employed to improve the transmission characteristics of the - 
signal, Deemphasis is employed at the receiver to restore the signal 
to its original state, 

Multiplex equipment (MUX) with several channels of data may be fed into 
the baseband amplifier. The number of channels'that the baseband amplifier 
will accept depends on the data. levels that are used, 
^ * 

Power Supplies : ^ 

Vacuum tube microwave circuits utilize conventional power supplies ranging 
from highly negative potentials to high positlve^voltaQes, Solftd state 
units employ power, suppl ies of the type found in transistor operated 
equipment. Man^*systems contain two or more sources of power to main- 
tain the most reliable communications possible. 

Commercial power Is a primary source of voltage with a storage battery 
and tr.icklfe ^harger Arrangement as a secondary source. In some remote 
'locations or In areas of high current demands, an auxiliary diesel .powered 
generator may also be Installed. Some method of remote or automatic 
switching of these power sources must be included in the station circuitry. 

Transmission Lines 

Microwave transmission lines generally differ from conventional lines' 
to the extent that a wire conductor is no longer necessary. It may 
be said the 'microwave signal can be propagated along the inside of 
a hollow metallic pipe called a waveguide. Some systems still employ 
low-loss boaxial lines. * 
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Introduction,: /Continued 

< ' Transmission- Lines Continued 



Waveguides are l ines >that suffer «no radiation loss as do cQnyentional 
or coaxial llrjes.- Long t^jns are usually avoided, particularly horizontal . 
runs, as* moisture may accumulate inside the waveguide and cauSe an in- 
.treas<* in signal attenuation. Dry air or dry nitrogen under pressure 
may be addeVl to prevent this" accumulation . . 



Antennas 



The transmitting and receiving antennas found in operating microwave 
systems' are ve*v\ii recti onal , of distinctive shape, and usually have^ J 
very high power gaih due to the extremely narrow beamwldths. The simplest 
type of antenna commonly employed is the horn antenna. It consists 
of a connecting 'flange (for attaching to a waveguide) and a funnel^ 
shaped body. Energy is propagated in the direction that the horn is 
aiAjied. • * 

The most popular style of mlcrowavfe antenna is the parabolic "dish. 11 
The characteristics of this device are: (1) Extremely high gain 
(20,000 to *l0, 000 ^Is common) , (2) narrow beam width, and (3) high 
directivity. Since these dishes are exposed to the elements', weather- 
proofing is accomplished by fitting a special cover on the antenna called 
a ,1 radome. ,, 

The radiated signal travejs through a waveguide and buttonhook (or some- 
times a fiipole) arrangement to the dish and Is reflected outward into 
space in the direction that the dish Is aimed. In the receiving mode, 
the action Is reversed,' Most dishes are bolted to supporting structures 
-and attached to rigid waveguides by flexible waveguide sections to allow 
for mechanical discontinuities, vibrations, etc, r 

t 3 Receivers 

Microwave receivers are usually conventional superheterodynes using a 
reflex klystron (or suitable solid/state device) as the local oscillator. 
The IF amplifiers, second mixer, detector, audio (or video) amplifiers, 
and outptTt stages are of the same design as those studied in previous 
courses. 

Overall systems^vork only as well as they are designed, installed, and 
maintained. "£(iality equipment performing various duties Is available 
from several, reputable manufacturers. Industry has need of competent 
technical staffs to malntajn these vital communication links. The 
serous student 'wilj do well JLo glean each bit of Information that 
may help him to insure himseff of a successful career In microwave' 
communications. 
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References : 



1. Robert L. Shrader, ELECTRONIC COMMUNICATIONS, 3rd Ed., Gregg/McGraw- 
Hill Book Co. Read pages 638—655 

-» 

2. Harold E. Ennes, AM/FM BROADCASTING: EQUIPMENT, OPERATIONS, AND MAIN- 
TENANCE, 1st 'Ed., Howard W. Sams Publishing Co. Read pages — 355- 

3. George Kennedy » ELECTRONIC COMMUNICATIONS SYSTEMS, 2nd Ed., Gregg/ 
McGraw-Hill Book Co. Read pages 428, 429, and . 534— 537. 



' Study Quest ions : 



1. What are the functions of the various major sections of/B-micro- 
wave system?. 



2. Define the word, "paraboja." 



3. What is preemphasls? 



4. Draw a block diagram of a microwave system. 



/ 
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Job: Training Kit Familiarization 
Objective: 

The student will: (0 Identify the various components that are con- 
tained in .the trainer a/id (2) attach the various components of the ^ 
trainer. 

i * 

Job Information: 

In this job the student, will examine ^the components of the trainer to 
be used in the microwave* course of studies. 

Ask your instructor for the tracer and the instruction book that 
comes with the trainer.. 

Jools, Materials, and Equipment: 

1. Microwave training kit with instruction book 

A list of components that should be in the trainer is as follows: 

Horn antenna 
TerminatlQns 

Wavemeter (frequency meter) « 

Waveguide flap attenuator > / 

Modulator unit 

Slotted line section 

Bends 

Twists 

Crystal detectors 
SI ide tuner 

Standing wave unit or Indicator 

Diode switches 

Dish antenna > 

Di rectlonal* couplers 

Klystron or solid state oscillator 

Power suppl les - 

Cables 

2. Hand tools - * 
References : 

i 

1. Training kit instruction book. 
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Precaut ions? 



1. Handle the components carefully. Do not dent 'or bend the waveguide 
sections. % 

Procedure: * , * 

1. Open the* kit and caretully .unpack the components of the kit.~ 
% 2. ^Identify each component, by looking at the parts list. 

3. Make Sure the kit is complete. If parts are missing, notify your 
instructor . immediately. 

4. Study the method used to join the components together. 

5. Attach several units to each other. Be sure the waveguide sectjcmS 
are oriented with the narrow dimensions in the same plane. Do 
not* overtighten connections . \ 

6 . Disassemble componen t s . 

7. Repack the components into their proper places in the storage 

container. ' • * 

« « 

Job Questions; 

1. How are the components joined together? 

2. Why Is 'it important to join the waveguide sections together in 
the prpper plane? ^ /* 

* * * 
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Job: Microwave Systems—Sect Ion Identification ^ 
Objective'* * , 

The student will: (1) Identify each majfcr section of an operating 

\ microwave system and (2) . explain the function of each major section 
of an operating microwave system. 

Job Information: 

The student -should study and be thoroughly familiar with .the block 
diagram of the microwave transmitter and receiver in the Velated ^tudy 
assignment./ * 

Tools, Materials, and Equipment: ^ 

1. Pencil 

2. Papery 

References: t> 

r 

. 1. R.S.A. 2 of Microwave. 
Procedure: 

* 

1. Draw a block diagram of a microwave transmitter including thp trans 
mission line and antenna. 

2. Draw a block diagram of a microwave transmitter including the trans 
mission line and antenna. 

3. Write a brief description of each section of the microwave trans- 
mitter and receiver. 

Study Questions: 



1. In what subassembly of the microwave transmitter is the deviation 
control located? % 



2. What type of modulation Is usually used in microwave transmitters? 



3, V(hat is the purpose of the preemphasis and deemphasis circuits 
in microwave systems? 
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Related Study Assignment No. 3: Microwave Oscillators 
Object ive: 



Upon completion of thi s 'ass ignment , the student will be able to: 

(1) Identify the various microwave devices and explain their operation 

and '(2) pass a written examination with a score of 75% or better. 



Introduction: 



These 



Most microwave signals originate in special electronic devices, 
devices will be studied in this assignment. 

Previous oscillator studies have covered various circuitry including 
frequency multipl icatiqn. Microwave carriers may be generated using 
conventional oscillator circuits and frequency multipliers. This is 
usually done at the lower microwave frequencies such as 9o0 MHz. 
However", these frequency multipliers require additional space, generate 
unwanted hejit^add to power consumption, apd increase equipment costs. 

Several devices are now in use that carT generate microwave signals 
without using frequency multipliers. The reflex klystron. has been a 
popular vacuum tube microwave oscillator for several' decades. Many 
existing systems still use the klystron both in the transmitter and 
the received to produce radio frequencies. 

Gunn diodes and other solid state devices are rapidly replacing vacuum 
tubes as the heart of the microwave system. As in other solid state 
circuits, they require less power and generate less heat. 

A logical approach to the sutdy of microwave gene rat ion.'' I s to look 
first at resonant cavities (Fig. 1). Figure 2 depict^ a hairpin loop. 
This loop is sel f-Tresonant since it contains some inductance and capac- 
itance. It is easily, seen that length and width will change the reso- 
nant frequency of the' loop since, these two dimensions will alter the 
inductance and the capacity of the loop. 

If the loop is made one-quarter wavelength long, it becomes a low 
Impedance (a short circuit) at the closed end and a high impedance 
(an open circuit) at' the open end. By connecting an infinite number 
of these loops (commonly referred to as stubs) to a central point with 
the open ends at the center and the shorted end on the outside, a . 
hollow cavity similar to a tuna can is formed. This. cavity, since it 
contains Inductance and capacitance, is resonant at. a frequency deter- 
mined by the internal dimensions (Fig. 3). The principle 'of the quarter 
wave shorted stub also makes possible the manufacture of a special 
transmission line called a waveguide. 
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Cube (Q - 28,000). 




Cylinder (Q - 31,000) 




Sphere (Q = 26,000) 





jghnut-shaped , Cyl indrlcal Ring (Q = 26,000) Section -of Waveguide 
Fig. lC -Several Types of Resonant Cavities 



I 




a--Quater-wave Hairpin Loop # b— Equlvalept Circuit 
*« . Fig. 2 






Half Turn Loop in Parallel Quarter Wave Sections Closed Metal Container 
a b c 



Development of- Cavity from A.A Sections 
Fig. 3 . 
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Introduction: Continued 



If a method is devised to vary the cavity size, the cavity can be tuned 
much the same as any resonant circuit. Three such methods are currently 
in use and these are shown In FFg . k. The first illustration depicts • 
a threaded scfew attached to a disc that can vary the cavity size and 
change the resonant frequency of the cavity. 




Fig. A-.-Me'thod of Changing the Frequency of a Cavity 

v The second method employs plugs that screw into the cavity, and these ' 
^plugs reduce the magnetic field strength in a manner similar to decreasing 

the cavity inductance. The further the screw is inserted into the cavity, 

the v higher' the frequency. 

TheYthird method varies^he cavity size by compressing the t6p toward 
■ tWbottom of the cavity. This causes the distance between the top 
and bottom to vary, thus changing the resonant frequency. This action 
nrfy be compared to moving the plates of a capacitor closer together, 
thereby increasing the capacity and lowering frequency. 

Several methods of exciting the cavity are in use today. Energy may 
be inserted or removed from the resonant chamber by placing a probe or 
loop inside the-cavity. Energy to start oscillation is proy ded when 
current flows by setting up E lines parallel to the probe. If a loop 
is placed in the area where the magnetic field will be present, an 
H field will be started. Another way to excite the cavity Is to design 
the chamber in such a way that electrons may be "shot" across- the cavity 
through a perforated plate creating a disturbance and setting up an 
H field. Figure 5 illustrates these three methods, 
v ' ' . I 
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Introductlon-: Continued 
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HOLES- 



B 

LOOP COUPLING TM 0f|fOf MODE 




PROBE COUPLING 
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" LINE 

C I 

CYLINDRICAL RING 



Fig. 5--Methods of Exciting the Cavity^ 

Resonant cavities have-uses in addition to serving as "tuned" circuits 
for microwave oscillators (Fig. 6). They may be 'used as frequency 
insuring devices (called wavemeters) . They may be tised as mixing chambers 
injecting two or more signals into the cavity and obtaining an output 
that tfs a combination of the input signals. Cavit es can provide , 
impedance matching by properly connecting two sections of transmission 
line (waveguides) together with a resonant cav I ty, between them. A cav 
'itT««r2 «sed in a ringing circuit similar to the action encountered 
ln*the study of lower frequency circuits. -This ringing circuit can 
be used to advantage In radar apparatus as an echo box and Is used 
- to check the radar set for proper operations. 

The theory of the operation of individual oscillating devices, such as 
the klystron, magnetron, backwave osci I llator , ^"^Jf^*!^^ 
Gunn diode and other devices is explained In the text of the reference 
book. Wavemeters and detectors are also covered. Waveguides wll 1 
be discussed in the R.S.A. on, transmission lines. 
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.Introduction: Continued 
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" Fig. 6— Uses of Cavities 
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References: 

1 . Itobert L. Shrader, ELECTRONIC COMMUNICATION, 3rd Ed., Gregg/McGraw- 
Hill Book Co. Read pages 642--65A. 

2. George Kennedy, ELECTRONIC COMMUNICATIONS SYSTEMS, 2njd Ed.„ Gregg/ 
McGraw-Hil.1. Book Co. Read pages A09—524. 7 

Study Questions: 

_ 

1. Name six microwave oscillators and describe .the basic operation 
'of each. 



2. How does a cavity wavemeter measure the microwave frequency? 



3; Explain how a resonant cavity works. * 



k. What is the impedance of a quarter-wave shorted stub at the open 
end? 
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Job: The Klystron 

Objective: *. ' * 

The student will: (1) Connect the necessary components of a jnlc™" 
wave trainer to generate a 4 microwave frequency and (2) make the nec- 
essary adjustments to cause a microwave signal to be generated. 

Job Information: " 

It Is the purpose of this Job to teach the student how to generate^ 
a microwave signal by using, the classroom training aids. Familiarity 
will be gained with the trainer components and techniques involved 
in their use. 

* Reflex klystftons are tuned cavity microwave oscillators that are nor- 
* v mally used In Classroom trainers to produce low power output for 

experimental purposes. The repel ler (Sofoetimes called the reflector) 
of the klystron Is negative In polarity, causing the electron stream 
from, the cathode to be returned across the gap of the resonant cavi.ty. 
Returning electrons distort this electron stream as^Lt moves away from 
.the cathode causing the electrons to move )n groups or'buRches. Jhls 
process is. called velocity modulation . 

The klystron will oscillate when bunching occurs at precise intervals 
and Is dependant on electrode mechanical and electrical adjustments. 
' Experimentation will show that the klystron wH 1 oscillate strongly 
at some value'of voltage better than itAvIll at some other value. 

Three adjustments are necessary to arrive at maximum power output ( 
(strongest oscillation) from the klystron. Thes,e adjustments are: 
(1) Cavity tuning (mechanical), (2) repel ler vol tage (electrical),* 
and (3) matching to the load. 

This, job deals primarily with the klystron electrical adjustments. 
Cavity tqning and matching to the load will be covered in other Jobs. 

Be sure to record your readings during the procedure. They will be use- 
ful In evaluating your experiment. • * m 

Tools, Materials, and Equipment: 

1. Microwave trailing kit (or microwave transmitter) 

2. Hand tools * 
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\.1 # Microwave training kit instruction book or microwave transmitter 
manual suppl led by the manufacturer* 



Precautions : 



4 if , 



1 . . Klystrons require voltage^ that may be lethal* Avoid contact with 



the 
tu 



ese potentials. MaKe ajV connect ions with al 1 power supplies 
rned off*, | J i 



Procedure: (instructions In parentheses are for a transmitter.)* 

\ 4 Connect 'the equipment af shown in Fig. 1. (If your kit does not 
contain some of the litems' shown , consult>your instructor.) If 
you are using a microwave transmitter instead of the trainer, consult 
the manual supplied with tf\e unit. Locate the section on "TransmI tter 
' Tune-up. 11 
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Fig. 1 — Klystron Oscillator Equipment Connections 

2. insert the vane of the flap attenuator into the waveguide to obtain 
« maximifm attenuation. (Some transmitters have a solenoid-operated 

attenuator. If your transmitter, is so equipped, operate the flap 
into the waveguide.) * 

3. Wfthdraw the probe on the slide screw tuner all the way out of the 
waveguide. (On a transmitter you jriay need to adjust the crystal 
coupl Ing.) 
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Procedure: Continued 

, «• 
h. Adjust the range switch to "0" (zero) and set the gain control 
to approximately the center of its rotation on the standing wata. 
unit. (Consult your transmitter manua 1 .) ? !• 

5. ' Turn power "ON" on the SWR unit* (Follpw steps in the instruction 

manual ♦ ) * - * j 

6. Set the power supply reflector voltage control to minimum. « 

7. Adjust the power supply beam voltage control to minimum. j 
v 8. Attach the cable from the klystron to the power supply. j 

9. Turn -the power supply switch to "ON." Al<tow ample time for thp elec- 
trodes of the klystron to reach operat ing ^temperature. j 

10. Apply repel ler voltage first. The specifications for the particular 
klystron in your^rainer (or transmitter) should be obtained fjrom 
your instructor H/The nominal value of most low power klystrons 

is about 150 vol ts.. N * K 

11. Adjust the beam voltage to near 250 volts. The beam current w,ill 
read approximately 15 to 20 mi 1 1 lamperes. J 

12. Increase the repeller voltage and watch for a dip In beam, current. 
By alternately adjusting the beam voltage and the^repeller voltage, 
a dip \r\ beam current should be located. 

13. Withdraw the attenuator from the waveguide. (Operate the attenuator 
solenoid on the transmitter.) An Indication on the meter of the 
standing wave unit should appear. This lets you Joiow that the 
klystron Is producing ajnicrowave signal. (The transmi ttepyffieter 
should indicate klystron current.) SKbuld the meter stj/nread 

0 (zero), turn the gain control toward minimum and rotate the range 
switch In a direction to produced meter indication that gives \ 
an on-scale reading. Keep adjusting the range and gain controls 
to produce a one-half sca]e reading (approximately). 

]b. Turn the voltage adjustments along with the frequency control 
on the modulator to produce a maximum meter readTng. 
It may be necessary to readjust the flap on the waveguide attenuator 
to keep the meter from reading off scale when the gain is set at 
approximately one-half its rotation. The range switch may have 
to be moved to keep power at a safe level. 

15. Run the probe of tf}e slide screw tuner into the' waveguide, two 
or three turns <tnd move the slide along the line to locate the 
largest reading: Adjust the probe in and out of the waveguide 
to obtain maximum reading and secure the probe to keep it from 
moving. ■ * ' •* 

(6. Move the repeller voltage from minimum to maximum to Jocate the 
different oscillations. Use the, osci 1 lat lorv (mode) that is the 
most stable. 

17. Adjust the modulator controls for maximum reading on the standing 
wave unit. , , ^ 

18. Have your Instructor check your adjustments. - 

19. Turn off beam voltage. 

20. Turn off repeller voltage. 

21. Turn off power on all units. 

22. Disassemble trainer components and replace in storage ace§. 
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Job Questions : 



1. fcHow does the flap on the attenuator unit reduce *the power when it 
if inserted into the waveguide? - 1 



2. Does the power vary as the klystron is adjusted to different modes? 

t 

■ ■ •" ■ r 

3. Which mode produced the greatest power output? 
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Job: Experiments' with the Klystron 



Objective: 

The student will : (0 Experiment wi th 

" »x klystron and (2) 
voltages and currents for the .different voltage modes. of the klystron. 



Experiment with some of the operating charac- 
teristic's of 7 the reflex klystron and (2) make a chart showing the 



Job Information: 

In Job 3 the bunching process of electrons in the klystron was dis- •» 
cussed briefly.' Since klystrons have played such an important part 
In microwave communications It would be well to look into their theory!- 
a 1 ittle more in depth. 

Figure 1 illustrates tlie bunching action and one can readily see that 
some electrons travel further than others before arriving at the cavity 
to produce oscillations. These different electrons, having traveled 
different distances and yet having arrived at the cavity at the same 
time must have traveled at different speeds. Figure 2 Is a diagram 
showing a plot of velocity-versus-time of electron movement within 
the klystron. •' * £ 
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Job Information: Continued 
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(B) VELOCITY- TIME DIAGRAM 

Fig.' 2— Bunching Process in fteflex Klystron ■ 

The power delivered by the returning electrons is dependent on the r.el-. 
ative phase of the rf field at the time the electrons arrive back at 
the klystron cavity. For, power to reach maximum}* the slowest electrons 
must remain in the reflecting field for 3A cycles or some Integral plus 
3/k cycles of the repeller space. In other words, N * it + 3/4 where N 
equals transit time of the repeller space and n equals any number such 
as 0, 1 2 3, etc<_ Refer again to Fig. 1. 

Since repeller voitage affects the time that the electron spends in 
the reflecting field it 'becomes apparent that some control can be attained 
over electron movement In the klystron by simply adjusting the repeller 
voltage. When the repeller voltage Is high (remember that this is a 
negative value) the rf field is at Its strongest and the electron 
travels its shortest distance. This corresponds to. a delay of 3/k 
cycle of transit tlmeand-wlth succeeding decreases in repeller voltage 
the delay increases in Increments of 1 3/h 9 2 3/k, etc. as- previously 
noted. Thesg modes are known as voltage modes . This Is not the same as* 
the cavity mode since the cavity Itselt Is resonant at only one frequency. 
Compare Fig. 1 and Fig. *3. ' 
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if the beam Current Is too small the cavity will still not oscillate 
even though the transit time equals n + l/k. There must be enough energy 
to overcome circuit losses before the cavity will begin to produce a 
radio frequency. Once oscillations are started the voltage mode that 
delivers the greatest number of electrons to the cavity will produce the 
largest power output. ^ 

The frequency of the carrier can be varied over a narrow range by changing 
the repeller voltage of the klystron. This can be compared to -the action 
of a triode vacuum tube oscillator where the feedback phase is changed 
slightly causing a small change in frequency. If. the repeller voltage 
is increased by a few volts the electrons return across the gap a fraction 
of time earlier causing the-output frequency to increase and by reducing 
the repeller voltage a few volts the electrons arrive at the gap an instant 
later thus decreasing the frequency. 

This ability to change the frequency over a fimited range is referred 
to as electronic tuning and, is usually measured between the half-power 
'frequencies. 1 The total range of change encompasses about 5% of the center 
frequency in most klystrons. 

Summarizing, broad frequency changes are accomplished by adjusting the 
cavity size (mechanical tuning) and fine adjustment is made using electroni 
tuning. For any given cavity size there exists several voltage modes 
and power output depends on the voltage mode selected for operation of 
the klystron. 

Tools, Materials, and Equipment: 

1. ' Microwave training kit (or transmitter) 

2. Hand tools 

3. Transmitter manual (if you use a transmitter) 
Procedure: ^ * . 

- * 1. Connect equipment as shown in Fig. k; 



DETECTOR 



DETECTOR 



WAVEMETER 







POWER 






No 


FLAP 


MODULATOR 




SUPPLY 




KLYSTRON 




V ATTENUATOR 



SLIDE 




SCREW 


TUNING 


UNIT 





CROSS 
GUIDE 
COUPLER 



SLOTTED 
LINE 



STANDING 

WAVE 

UWT 



TERMINATION 



State Vocational-Technical Schools of Louisiana 

MICROWAVE paLj^Z 

Procedure: Continued 

2. Tune klystron for maximum power output as noted on standing wave 
unit (or power output Indicator on transmitter). 

3. Write down the beam voltage as read on the meter. 

k. Reduce power by 3 db (one-half the original values) by Increasing 
repel ler vol tage. 

5. Record the reading in Step k. • 

6. Increase repel ler voltage until the power has been reduced 10 times . 
less than its value in Step .2 (10 dbJL 

7. Record the repel ler voltage found in Step 6. 

8. Return the power output to maximum by decreasing the repel ler voltage 
and record this read.lng. » 

9. Decrease the repel ler voltage again until the power is reduced 3 db. 
Record this reading. , 

10. .Decrease the repeller voltage until the power has been lowered 10 db. 
Record this reading. 

11. Find a second voltage' mode and repeat Steps 2 thru ]0. 
12*. Locate a third voltage mode and repeat Steps 2 thru 10. 

13 Tune the klystron for as many voltage modes and count as. many as 
you can find (without exceeding the ratings of your particular 

klystron) . /> - . 

H. Readjust the beam voltage to 2 other va1ues_and repeat Steps 2^thru 

13. 

15. Make a chart an^ identffy each mode. 
Job Questions: 

i. Was the power output the same in Step 8 as it was in Step 2? 



2. How would you calculate the half power -points of any given mode? 

3. How did the power output vary from mode to mode?V. 



k What happens^-to electrons within the rf field of a klystron when 
the repeller voltage is Increased? When it is decreased? 
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Related Study Assignment No* k: Microwave Modualtors 
Objective: 

Upon completion of this assignment, the student wi 1 1 : : (1) Know how 
at data is Impressed upon a microwave carrier, through the use of the 

microwave modulator and (2) become familiar with the necessary bandwldths 
in the modulator* ' 

Introduction: 

« * 
The modulator in a microwave transmitter^has the same function as the 
modulator of any other radio device, to impress or add information to 
a radio frequency carrier wave. As one would expect, the circuitry and 
the components contained in a microwave modulator are very similar to 
those in other units doing the same job. 2^ 

Since the repel ler voltage of a klystron can be changed a few volts 
to cause a resulting change in output frequency, It becomes a fairly 
simple matter to connect the output of the modulator tQ the repel ler 
supply and frequency modulate the klystr6n. A typical circuit is 
shown In Fig; 1 . — 
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Fig. 1— Method of Modulating Klystron Repel ler 
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Introduction: 



Microwave equipment being sold today Is "generally entirely solid state. 
Modulation processes are just as simple rn the transistor microwave os- 
cillators and a typical cfircult appears In Ftg. l\ The varying data 
voltage Is Impressed upon the transistor biasing voltage which varies 
the frequency generated by the ©scll.lator. This same bias voltage may 
be used in conjunction with the automatic frequency control circuit's 
to correct the oscillator, frequency if it should drift from the assigned 
channel. 
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TRANSISTOR 
OSCILLATOR 



MODUbATED 
^ RF OUT 
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NEGATIVE 
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Fig. 2--Method of Modulating Microwave 

Trans Istor Osci 1 lator • \ 

Unlike communications transceivers that have narrow bandwldths (+5 kHz) 
the typical microwave system may .employ bandwldths ranging from fifty 
kllohertz to several megahertz. The circuits associated with the mod-' 
ulator must be capable of amplifying the audio, video, or other data 
that Is to be Impressed on the microwave carrier. As an example of 
bandwldths that, may be necessary, a studio- to- transmitter link of 
a television broadcast station may' need a bandwidth of 10 MHz. This Is 
for a video signal at least k.$ MHz, an aud lo N subchannel at 6.8 MHz 
and auxiliary subchannels at 7.6 and 8.2 MHz. Micr6wave transmitters 
^employed as STLs In TV broadcasting are usual lyl icensed for a 25 MHz ■ 
bandwidth (example: The operating frequency listed on the station license 
may'be 6.875 GHz to 6". 900 GHz . The transmitter -would then be tuned 
to the center of the band or 6.8875 GHz). ^ 

Sdme microwave systems are^ even wider than STLs. Relay stations carrying „ 
• network television programs, telephone messages, and other data simul- 
taneously may have bandi^dths up to kO MHz and maintain a bandwidth of 
20 MHz with the gain varying as little as t I db in the center of ban<K 
Stations carrying only limited voice channels, telemetry, or other data 
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Introduction: Continued 



may be much narrower In bandwidth. A typical Industrial Installation 
may be licensed as 3500F3 or 3500 kHz in bandwidth (see .Fig. 3) 

• r 




Fig. 3--Response Curve of 40 MHz 
« Baseband Amplifier 

The circuit that amplifies these 'frequencies Is today called a baseband 
amplifier. This circuit may contain a variable attenuator to adjust Input 
levels a differential amplifier,, a driver amplifier, an output stage, 
a service channel amplifier, a pilot oscillator, and other accessories. 
The baseband amplifier usually determines the bandwidth of the system. 

The latest equipment to hit today's market Is digital microwave systems. 
Carriers In these transmitters may be frequency modujated, full double 
sideband, amplitude modulated, phase modifla'ted, quadrature-phase-shift 
keyed, or several other methods. 

Data Input for many microwave systems are from multiplier equipment and 
this subject will be covered In a later R.S.A. 

Study Questions: 

1. How Is the reflex klystron frequency modulated? > 



2. What voltage Is varied In the microwave transistor oscillator? 
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3. What bandwldths may be encountered In the baseband ampl Ifter of a 
microwave tr&nsmj tter? 

«> 

-j * 
/». Name several methods of modulation used In modern microwave systems? 
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Job: Experiments with Klystron Electronic Hysteresis . 
Objective: 

. The student will: (l) Observe electronic hysteresis In a klystron 
and (2) prepare a chart showing the effect of electronic hysteresis 
in the klystron . 

Job Information: , 

A characteristic of the klystron that has not been discussed is electronic 
hysteresis. This effect can be caused by the design of the tube, .the 
phase of th e radio frequency current, or multiple transit of electrons 
across the cavity gap. - / 

Electronic hysteresis Is the difference encountered when the repeller 
voltage is In creased to produce maximum power output at a given frequency t 
and, after passing "this maximum value, the repeller voltage is decreased 
to reach maximum power again on the same voltage mode noting that maxi- 
mums are reached at different repeller voltage. The frequency of the 
carrier has also. changed due to this electronic tuning (see Fig. 1). 



REPELLER VOLTAGE CONTROL 
TURNED IN ONE DIRECTION 



WATTS 




REPELLER CONTROL 

ADJUSTED IN OPPOSITE 
DIRECTION 



REPELLER VOLTAGE 



F | g> i -Electronic Hysteresis Curve of a Klystron 

Tube design must be carefully considered and the load must be matched 
properly if this effect is to be held to a minimum. The phase of 
the radio-frequency current affects the rf voltage amplitude. The 
bunching process will naturally produce a small phase shift provide* 
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Job Information: Continued 

,that the rf voltage is large and other shifts may be noted in some types 
of reflecting fields. 

If the center of a mode is approached from the negative-repel 1 er-vol tage 
side and oscillations are occurring with rf current leading rf voltage, 
it will be,.noted that as rf voltages increase due to the increase of 
osci'llations ancf phase angle (0) begins to approach zero. If the repel ler 
voltage is again increased, the tube will continue to oscillate even 
though it has passed the point in which conditions first become favorable 
for oscillations. Eventually, continuing to increase repeller vol tage^— • 
the tube will' reach -points less favorable for oscillation and the output 
will drop rapidly to zero. Turning' the repeller voltage control in the . 
opposite direction produces a situation just reverse from that described 
abovfe. In summary, the tube must be adjusted to near the centerof a 
voltage mode before it will begin to oscillate but once started it will 
continue to oscillate at voltages somewhat away from the center of the^ 
mode. ' 

Multiple transit of electrons is probably the most predominant of the 
causes of electronic hysteresis. , Multiple transit of electrons may 
be explained by realizing that all of the returning bunched electrons 
are not collected by the cavity wall, cavity grid, accelerating grid, 
etc. They pass on through the cavity and approach the cathode. With 
their energy spent by this time they are returned through the cavity 
again. This is the third trip for these electrons (the first toward the 
repeller,: the second as bunches away from the repeller). The phase of 
these third-transit electrons varies widely with very small voltage 
changes on the repeller and adds discontinuities much in the manner of 
ripple current in a power supply. 

If the lojad i s^Jfflproperly matched, electronic hysteresis may also be 
encounteredy^The frequency may move suddenly from one value to another 
due to in^oper tuning, matching or coupling the transmission line to the 
cavity by means of a coupling loop. On long runs of, transmi ssion lines, 



relative 



same effect 



y 



call j Ul a wwu^ri uiy ■ww r » - ■ ■ ■ J ■ - 

large values of standing waves on the line can cause this 



If the student is to arrive at the same power and frequency using the 
same voltage mode, the klystron repeller voltage must be adjusted from th<? 
same direction of rotation of the control. , 

Tools, Materials, and Equipment: \ v 

1. Microwave training kit (or microwa^ transmitter) 

2. Hand tools 

Procedure: * 

9 ]. Setup equipment as in Fig. 2 (or if using a transmitter, consult 

transmitter manual) . 
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Continued 
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Fig. 2 — Equipment Connection for Job k 

Adjust the repel ler. vol tage to produce a stable oscillation and 
maximum power output. Note power output. 

Move the repeller voltage control to the left carefully watching 
for thej?oint that the power drops to zero. I 
Move the->epel ler control to the right until the same effect is/ 
encountered, noting this reading. 
Move the repeller control left again and record the repeller voltage 
at several points during the adjustment. Be careful not to rotate 
the control to the poin £ t that output was zero, as noted in Step 3- 
Rotate the repeller control to the right recording the repeller 
voltage at several points, as in Step 5. V \ 

Prepare a chart similar to Fig. 1 using the readifrg^pecorded "In 
Steps 5 and 6. ' 



Job Quest ions: 



1. Name three things that can produce the effect called electronic 
hysteresis. 



2.'., Explain multiple transit electron effect. 



1 



3. Did power output remain 'the same at the same repeller voltage 
when rotating the control first left arid then right? ^ 

EKIC • - - * 

- ^ * ' ' * 
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Relate^ Study Assignment No, 5: Microwave Transmission Lines 



Objective: 



Upon completion of. this assignment , the student will: (1) Know 

how a waveguide transfers microwave energy from one place to another, 

(2) know the theory of the design of a waveguide, (3) identify 

the different shapes of waveguides, and (k) pass a written examination 

on waveguides with a score of 75% or mare. 



i Introduction: * ,/* 

In previous studies of transmission lines, twin line (side by side 
conductors) andxoaxlal lines* have been the most popular method of 
coupling a transmitter or receiver to an antenna, A brief review of 
these lines would be in orders before beg inning" the study of waveguides, ^ 

A transmission line Is used to transfer energy from a- source to a load, 
* These lines are necessary because surrounding objects may modify 
radiation patterns and change the ability of an antenna to be an 
effective radiator. 

/ 

In the use of direct current, the main requirement of a transmission 
Jlne Is to provide a low resistance path from the source to the load. ^ 
At the commercial power frequency of 60 Hz, a transmission line from 
the power station to the consumer has a small amount of reactance 
when compared to its DC resistance. However, as frequency Increases, 
reactances Increase, The operating wavelength also decreases as 
frequency Increases, meaning that current travels along a line a 
shorter distance before It experiences a 180° change In direction. 
In comparison, the wavelength of a 60 Hz signal is 3100 miles. At 
1000 Wz the wavelength Is 186 miles and at 960 MHz one cycle is completed 
In 12.3 Inches. At higher microwave frequencies such' as 10,000 MHz 
the wavelength Is 3 centimeters or 1,18 Inches, When a line Is 
physical 1y t as long or Jonger than one wavelength It becomes an rf line, 

A transmission line has, several constants and these m^y be lumped into 
an equivalent circuit as shown In Fig, 1, The series resistance ^ 
''represents the DC resistance of the line, the inductance, depicts 
l the selfnlnductlve actlbn of the line, the capacitor shows the total 
; capacity of the line. The shunt resistance indicates the leakage 
,of the line. These, four constants are found In any transmission line 
carrying rf currents. 
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Introduction: Continued 



© EQUIVALENT fi«CUIT 
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Fig. 1— Transmission Line Equivalent Circuit 

Since the resistance Is uniformly distributed along the line (as is 
the Inductance and capacitance) it will be found that the line displays 
a constant impedance at any point along the length of the line. In 
a theoretical lossless line, if a DC voltage is applied to one end of the 
line (Fig* 2) the capacity represented by Cl will* attempt to charge 
but th#fcharging current Is opposed by the inductance L]. After a 
certain length of time, C] Will charge to near maximum and C2 will begin 
to charge but Is opposed by the Inductance L2. This action -will continue 
for a line of infinite length assuming no loss dissipated into the 
resistance of the line (l 2 R loss). This produces a constant current 
flow^from the source toward the load end of the line. This may be com- 
pared to the constant current circuit Illustrated In Fig. 3. If a section 
js Removed from any location along the line, it displays the sam6 
characteristics as the entire line. 

/jnnp — 1 

LINE 
EXTENDS 
i TO p- 

INFINITY . 




Flg^ 2— Theoretical Lossless Line Showing L £ C 

y & 
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. j 

Since a constant current will flow on the line depending on the" applied 
voltage, the Impedance of the line may be found by Ohm's Law for AC < i 
circuits Z = E/l.* This impedance Is known as the characteristic impe- 
dance. If the inductance and capacity of the line is known, one can 
even predict how long It will take for the current to travel the length 
of the line. If the load end of the line Is connected to a resistive 
load equal to the characteristic .impedance (Zo) of-the line, all ttie - 
energy sent down the line will be dissipated In the load. 

One thing you will note in the previous discussion an<Tthis Is that the 
energy has traveled along wire conductors. At frequencies employed In ^ 
the microwave region a different type of • transmi sslon linens used.' 
This line Is based upon the same principle studied In the R.S.A. on , 
microwave oscillators using an infinite number of quarter-wave hairpin 
>fc>ops with the loops connected in such a manner as to produce a hollow 
pipe. This hollow pipe propagates energy by the movement of electro- ( 
magnetic fields. ' 

Two wire line Is-a poor line for transmitting electromagnetic fields- 
since it does not restrict these fields In a direction perpend I. cular 
to the plane of the conductors and this results in some loss through 
radiation. This loss can be reduced by using coaxial cable but some 
losses still occur due to.skln effect. By removing the central conductor 
and the dielectric-material of a coaxial cable, a hollow pipe Is -formed 
and this pipe, if of the proper diameter, Will transfer energy with less 
loss than the original coaxial cable. This type of line is called 
a waveguide:. See the comparison , of the cross section of coax and wave- 
guides in Fig. k. It must be noted here that a waveguide does not 
have to be 'round but may be square, rectangular, or eliptlcal, the most 
popular style being rectangular In cross section. 





Coaxial Line Waveguide 

Comparison of Spacing ^ 
la Coaxial Line. and Waveguide 

Fig. *t--Cross Sectional View of 3 
Coaxial Line and a Round Waveguide 
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_ ^ Introduction: Continued 



/^guides have several advantages and disadvantages*. At microwave 
requencies the Advantages outweigh the disadvantages* The advantages 
are as follows: 



1. A waveguide has a large fnner surface area which reduces skin effect. 
This large surface gives the energy aJower resistance path to 
travel and reduces copper losses (l^R loss). 

2. Losses due to heat buildup in the insulating material is greater 
40* In two conductor, or coaxial than in a waveguide. (Remember, a 

, • waveguide has only air as a dielectric.) Insulation losses in wave- 

s' guides are, therefore, negligible. t 

f t 3. Waveguides are more rugged than two-wire or coaxial line because 

V of their physical construction. These guides are usually of fairly , 

heavy, rigid metallic pipe as compared to the solid (or stranded) 
wire conductors of two-wire line or the flexible braided outer 
h - conductor and wire center conductor of coaxial cable. 

k. Waveguides^ are,, as a general rule, easier and simpler to construct 

since they contaitvno center conductor or Insulating material. 
5* Radiation losses are minimized since the magnetic fields are entirely 
contained within the hollow metallic structure. 
^ 6. A waveguide will handle more power than a coaxial line of equaK ... „ 
size. Ppwer-handt ing capabilities may be calculated using the 
formula/ P = E 2 /Z 0- where P = the power In watts, E is the voltage, 
applied to the linei, and Zq is the characteristic impedance of the 
line. Referring back to Fig. it can be seen that the spacing 
between tihe center conductor and the shield of a coaxial cable is 
about one-half that of the conducting surfaces of an equivalent 
size waveguide. This means that the breakdown voltage of a waveguide 
Is somewhat larger than that of a coax. 

Waveguides do have some disadvantages. Recall the calculations of 
wavelengths of the different frequencies In the earlier portion of this 
R. S.A.i Since a waveguide is constructed of an Infinite number s of quarter- 
wave haxirpin loops joined together at their open ends (Fig. 5), it Is 
. apparent\fhat the physical size must be* limited to frequencies that 

v have veryjshort wavelengths. In comparison, 60 Hz would require a 
waveguide of rectangular measurements of 755 ml les in width and 1550 
miles in height.' The dimensions of a 3 cm (10,000 MHz) microwave 
. line would be slightly larger than i x i inch . 

The second disadvantage of waveguides is also related to wavelength i 
i • and dimensions. If the cross section mys* be i wavelength by i wavelength 

' for propagation to occur, there Is some frequency at which point the 

£ wavelength dimension is exceeded and this frequency and all other longer 
wavelengths cannot be transmitted down the line. Coaxial cabl.e, other 
than losses already mentioned, is not, subject . to. tfils . 1 Imf tat Ion . 
There also is a practical upper limit that the waveguide can afccommo- 
date (such as a large dimension approaching 1 wavelength). 1 
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Fig. 5 

Development of Waveguide by 
Adding Quarter-wave sections 
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* 

The low frequency limit Is referred to as the cutoff p-equency an 
•may be calculated using the formtria: 



where: 



FREQUENCY (cutoff) = V(m 2 ) + (na/b) 2 . 

a equals the dimension in attached figure 
b equals the dimension in attached figure 
m equals the first subscript of the mode 
n equals the second subscript of the mode 




Narrow Dimension 



Wide Dimension 

Example: 3 cm wavelength (10,000 MHz), TE] , o mode 

a = 1.5 cm / 
b = .75 cji 



m = 1 
n = 0 



2a 



2x1.5 



F( cutoff) = \Zdti 2 ) + (na/b)2 



\/(1 2 ) Vl 0 x ^.5^ 2 



V .75 



J 1 + o 



= 3 cm 



For this reason, waveguides are usually made to a wide' dimension of 

about .7. wavelengths and a narrow dimension of from .2 to .5 wavelengths. . 

As was pointed out earlWr, movement of energy within, a waveguide 
is accomplished through the use of electromagnetic fields. Current 
and voltage in the waveguide are used to form these fields. Two ' 
.fields are .located in the guides. The technician should become ac- 
quainted with each one and the location or position occupied by each 
field. 1 •- 

The first field that is always present in a waveguide carrying energy 

Is the magnetic field. This field is generated by the movement of electrons^ 

in the conducting material. If a line of force is present and is in 

the form of a closed loop a small electromagnetic field is set up and' 
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Introduction: Continued 



by combining many of these single lines a stronger magnetic field. 
Is formed. This field Is called an H field and Is made up of H lines. 
The strength, of the field depends on the current and the direction 
may be determined by using the left-hand .rule. 

The magnetic field around a single conductor is pictured in Fig 6a. 
If the conductor Is formed lr\to a coil, the fields around the turns 
tend to •cancel but externaX of the coil the closed loop Is formed 
producing the magnet ic -field as in fig. 6b. Currents and the H field 
are shown in c and d of the figure. A waveguide three half wavelengths 
long showing the magnetic field from three views is illustrated In Fig. 
and, as you can see, the field is strongest near the edge of the wave- 
guide. Notice the arrows indicating the direction of the field. 
They are reversed every half wavelength. 
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Introduction:" Continued 



One other thing that is necessary for energy to travel down a waveguide 
is that no component of the magnetic field can be perpendicular to the 
field at the surface of the waveguide. You can see that the H Vines, 
are parallel to the surface in Fig* 7 V , 

7 + 
The other field found in the waveguide Is the electric or E field. 

"Shis is an electrostatic field like the one found in a charged capacitor 
(Fig. 8a). /The number of arrows, pointing from positive to negative, 
indicates the. strength of the E field.- In a waveguide this strength 
varies along the length of the line according to the current on the line 
.(Fig. 8b). Each line of stress 'is called an E line. The addition of 
half-wave frames givas a view of the E field in three dimensions showing 
points of maximum and minimum vol tage along: the line (Fig. 9). 4 
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Fig. 8 — Electric Field 'between Condenser Plates and 
a Full-wave Section of Two-wire Line 
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Fig. 9--Magnitude of Fields on Half-wave Frames • 
Vary with Strength of Field on Main Line 
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Introduction: Continued 



A cross sectional view Is presented In Fig. 10. The E field must be 
at zero at the top and bottom of the waveguide and at other places 
must be perpendicular to the walls. This satisfies the condition th^t 
no electric field may exist tangent to the walls of the guide. 




t Fig. 10— E Field in Actual Waveguide- 

The two fields Just discussed must exist at the same time In order for - 
propagation of energy to occur. Each field Is Interdependent on the 
other, that Is, an H field produces a current that causes a voltage 
difference.. This |Voltage produces an E field that causes a current that 
results In an H field. Radio frequencies are thus trartsmltted down 
the waveguide. Figure 11 shows both fields In a waveguide as they 
exist simultaneously. 
* 

When such a field exists, It Is referred to as a mode of operation. 
The field that Is easiest to produce In a waveguide Is called the doml' 
nant mode. Other modes are possible and some of these are pictured In. 
Fig. 12. 
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Fig. 11— Conventional Picture of both Fields In Waveguide 
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* *■ 

The energy moving through a waveguide is in the same form of electromag- 
netic radiation as that radiated from an antenna. However, the boundary 
conditions listed previously must be satisfied, that is, E lines cannot 
be tangent to the wall surface and no component of the magnetic field 
may be perpendicular to the wall- Referring to Fig. 13 a & b, it can 
be seen that both these conditions would be present if the pattern was 
exactly as a radiated signal from an antenna- Under the conditions 
pictured the E field will be shorted out and the H field cannot exist 
because it Is not a closed loop. 




Small Portion of Field Radiated 
\ into Space by an Anfenno 



Fig. 13a 
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Introduction: Continued 

Some method is needed to Introduce a signal into a waveguide and produce 
a radiation pattern that will travel the length of the guide. If a 
probe or antenna Is placed within the waveguide and fed with a radio 
. frequency current, (in the proper microwave region), alternating half- 
i cycles radiate into the hollow waveguide in much the same manner as y 
ripples on a pond that expand from the, point where a pebble entered tfife 
water or the omnidirect fonal radiatiolTjjp^ttern of a one-quarter wave 
vertical antenna when plotted from directly above the antenna. Some 
portions of these signals encounter the waveguide walls (Fig. lA) and 
some travel straight down the guide and are attenuated due to the con- ^ 
ditions shown in Fig.' 13b. The other signals,, upon reaching the guide 
wall, are short-cnxui ted and ref 1 ected J 80° from their original phase 
as in Fig, 15. The two positive signals (sol id 1 ines) add ~ causing 
maximum voltage to appear at the center of the waveguide! \ikewise, 
the rregat ?ve s+gn als add a ndH^ere-^e^^at^ve^and-p ositivft signals^ 
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encounter each other at the walls they cancel, meeting conditions nec- 
essary for an E field to exist. 
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Introduction: Continued 

The angle at which the wave crosses the guide Is related to the wave- 
length and the cross sectional dimension of the waveguide. Some ^of thes*- 
angles are depicted In, Fig. 16. As the frequency gets' lower, the angle A 
of incidence Increases until 90° is reached, at which time the signal * 
bounces back and forth across the guide until the energy is lost as 
heat In the resistance of the walls. The waveguide at this point is • 
one~half wavelength and the cutoff frequency has been reached. 
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J* 
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Fig. 16 — Angle at whicfrFields Cross 
Waveguide Varies with Frequency 

In the study of transmission lines used for two-way" communications , 
it was found that rf energy travels through a transmission line at 
a speed slower than the speed of light. This Is due to resistance, 
Insulation, etc. A signal traveling through a waveguide also travels * 
slower than the speed of light but not necessarily due to the same 
reasons . N , 

The axial velocity of a group of waves Is called the group velocity . 
The relationship of the group velocity to diagonal* velocity causes 
an unusual phenomenon. The velocity of propagation appears to be greater 
tffan the speed of light. As seen in Fig. 17, a wavefront (one of the 
waves in a guide) will move from point 1 to point 2 or a distance L 
at the speed of light (VL) . Due to this diagonal movement (indicated 
by the large arrow) during this tfme the wavefront has moved down the 
guide only the distance G, which Is a lower velocity. This is the 

SO 
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Introduction: Contlnued- 

s 

group velocity (Vg) . If an instrument is used to detect the positions 
at the wall, the two positions will be apart by the distance P. This 
distance is greater than both L or G. The movement of the contact point 
between wave and the wall Is at a greater velocity than the movement 
at L or G. Since the phase of the rf has changed over the distance P, 
this velocity is called the phase velocity (Vp). >The mathematical re- 
latio nship between the three velocities is stated by the equation ^ 
VI = 1 VpVg where VI equals the velocity of light (300.,000 ,000 meters 
per second), Vp equals the phase velocity, and Vg equals the group 
veloci ty. 



WALL 




Fig. l7""Relat ion of Phase, Group, 
and Wave front Velocity 

This equation indicates that it is possible for the phase velocity to 
be greater than the speed of light. As the frequency decreases, the angle 
of crossing is more of a right angle. In this condition the phase 
velocity increases. For measuring standing waves In a waveguide, it 
is, the phase velocity which determines the distance between voltage 
maximum and minimum* For this reason, the wavelength measured in the 
guide will actually be greater than the wavelength in free space. 
From a practical standpoint, the different velocities are related in the 
following manner: If the rf frequency being propagated is sine wave 
modulated, the modulation* envelope will move forward through the wave- 
guide at the group Velocity, while the individual cycles of rf energy 
will move forward through the modulation envelope at the phase velocity. 
If the modulation Is a square wave It will travel at the group velocity 
while the rf waveshape will move forward within the envelope* Since 
the standing wave measuring equipment is affected by each rf cycle, 
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the wavelength will be governed by the rapid movement of the' changes 
in rf voltage. Since the intelligence ts conveyed by the modulation, 
the transfer of intelligence through the waveguide will be slower than 
the'speed of light, as Is the* case in other rf lines. 

Because of the way the fields are assumed ,to move acrpss the waveguide, 
it is possible to establish a number of trigonometric relationships between, 
certain factors. As shown in Fig. 18, the angle that the wavefront 
makes with 'the wall (0) is related to the wavelength and dimension 
■of the guide and is equal to cos 0 = >/2B where >^.is the wavelength 
in free space of the signal in the guide, and B is the inside wide 
dimension of the guide. The group velocity (Vg) is related~to the ve- 
locity of light (VI) as seen in the formula 



n 0 = fT 1 



Vg = si 

— vi 

It Is also possible to measure the wavelength In th6 guide ( x g), the 

wavelength in space is equal to x 9 = I = L 

x sin 0 



Nr)' 



and further 
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Fig. 18— Trlgonometru 
between Factors 



Relations Exist 
Indicated 



Since a waveguide may operate at kny one of several modes, some system 
is needed to identl f y. each of theU modes. A numbering system has been 



devised to aid the technician In 
waveguide. (This mode was define 



dentifylng the dominant mode of the 
earlier as the normal configuration 



waveguide. (This mode was deruiea ear i ler as me nu.iiq. 
of the electromagnetic field In a Vectangular waveguide.) Any field 
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Introduction: Continued 




configuration may be ^Identified as a transverse electric or a transverse 
magnetic mode. These fields are usually designated as the TE or TM 
modes. 

' Remember, In the TE' mode (sometimes called an H mode) all of the electric 
f lei d lis perpend tcul a r^to the length of the guide and no E lines are 
parallel to the direction of travel of the wave. In the TM mode, 
(sometimes -called an E mode) the magnetic field is perpendicular to the 
length of the guide and no H line is parallel to the direction of pro- 
pagation. In free space on a coaxial cable, both fields are perpen- 
dicular to the direction of propagation and are said to be in the TEM 
mode. A waveguide cannot contain the TEM mode. 

To further' identify the modes at patterns, numbers are placed after the 
letter designations. In a rectangular guide, the first small number, 
-forto w lng t he let t ers- -End t catesSfrow many half-wave patterns of trans- 



verse lines exist along the short dimension of the guide through the 
center of- the cross section. The second small number Is for the number 
' - of transverse half-wave patterns that exist along the long dimension 
of tbigulde through the center of the cross section. The numbering 
_^rs^dlfferent for round waveguides, the first subscript indicating the 
""number o'f full waves of the transverse field encountered around the cir- 
cumference of the guide. The second number Indicates the number of the 
half-wave patterns that exist across the diameter. 

In Fig. 19 a TE mode is pictured In the rectangular guide (the electric 
Hnes are perpendicular to' the direction of movement). Note that the 
intensity change Is zero In the direction across the narrow dimension 
of'the (guide parallel to the E line and thus the first subscript Is 0. 
Across the guide along the wide dimension, the E field varies from zero 
at the top to maximum at the center to zero at the bottom. This In- 
dicates a half-wave condition and the second subscript Is 1. Thus the 
mode Illustrated In the rectangular guide TE 0,1. t 
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Fig. 19— How to Count Wavelengths for Numbering Modes 
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In the round guide, the E field Is transverse on a TE mode. x Starting 
at the top of the figure and moving clockwise, the field gpes from zero 
through maximum positive On t^e left to 2fero -at the bottom and through 
maximum negative on the left to zero on the top again. This is one full 
- wave and corresponds to^the first subscript of 1. Going through the 
diameter starting at the top of the wall the field goes from zero to 
maximum in the center to zero at the bottom indicating one-half wave 
or the second subscript, I. This mode then^is TE]J. Some other patterns* 
are possible and are shown In Fig. 12. 

The previous discussion has covered what a waveguide is and modes of 
operation. In the next R.S.A. some waveguide devices will be the topic 
for study. ? . 

References: 5 • 

1. Roherta. Shrader, ELECTRONIC COMMUNICATIONS, 3rd Ed., Gregg/McGraw- 
Hill Book Co/ Read pages 638— 6^0. 

2. George Kennedy, ELECTRONIC COMMUNICATIONS SYSTEMS , 2nd Ed. , Gregg/ 
McGraw-Hill Book Co. Read pages 337"38*t. 

Study Questions: , . , 

1. Name four waveguide shapes. 

' 2. Name six advantages of waveguides. 



3. List two disadvantages of waveguides, 



if. What are the fields that are present in a waveguide when a radio 
frequency current flows? 



5. Define "dominant mode. 11 . 

6. What is a TE mode? J ^ 
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Job: Microwave Frequency Measurements * 

' \ ' 
Objective^ 

* -The student will: (l) Measure the frequency of a microwave oscillator, 

(2) beqome familiar with the different methods used to rrueasure micro- 
wave frequencies and the devices that are used to make these measure- 
ments, and (3) determine the wavelength of a microvteve frequency in 
both inches ancfcent imeters. 

Job Information: 

£ There ere several methods that are used to measure the frequency of 
. a microwave oscillator. Four of these methods will be covered in;thts 
discussion and three experiments will be included here. „ \ 

The first meth6d is probably the fastest, simplest;, and'most used today. 
This method uses a digital electronic frequency counter and consists 
of simply connecting the counter to some convenient point to pick up 
a sample of the oscillator frequency or the output frequency and then 
read the display. Of course, the counter must have the capabilities 
tti read accurately in the microwave region to be measured. 

The second method of measurement is still very popular, particularly- 
Tn alder equipment. This method uses a wavemeter with a calibrated 
dial that reads directly, or In some instances, may have a chart .to 
convert a dial reading (such as a micrometer dial) to the proper fre- 
quency. This device has a resonant cavity that absorbs energy from 
the transmission line when it Ts tune^l to carrier frequency. Some type 
of visual indicator is generally employed to let the technician know 
. when the wavemeter is properly tuned. This may be a milliammeter and 
UHF diode detector attached to the. cavity of the wavemeter or the crys- 
tal current met^r on the transmitter. In either case, the wavemeter 
is tuned to resonance and the indicator current will dip indicating 
that the cavity is absorbing power .from the circuit and decreasing the 

* ' output power^by some amount. 

" The third'method is the measurement of the free-space wavelength 
utilizing a fixed probe*,! n the waveguide, a horn 'antenna , and some 
type of -devicte to reflect the transmitted signal back Into the horn and 
thus ba^k* Into the waveguide. A reference di stance .between the horn 
and the r f ef lector t \s noted and the reflector-Is moved closer to or farther, 
away from the horn. As the reflector Is moved, an indicator will, pro- 
vide information relative to peaks and* nulls. The distance the reflector 
is moved between nulls Is a half wavelength of the signal in free * 
space. t * 
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> Job Information: Continued 

The fourth method is the measurement of the-gutde wavelength utilizing 
a probe, a slotted waveguide section, an Isolation device, and a 
metal plate attached to the end of the transmission line to cause a 
large standing wave In the waveguide. The probe is moved along the 
slotted line and an Indicator shows peaks and nulls similar to the pre- 
ceding method. Guide wavelength Is measured by reading the *di stance 
between nulls (on^-half wavelength) and then converted to the carrier 
frequency using thfe formula: 



F = C {\ + / Xc \ 
V Xg / 



2 



X c 

where C equals the speed of light In centimeters (30,000,000,000 cm/sec) 
or 3 x 10 10 cm/sec, 

g equals the guide wavelength 

c equals two tiffles the large dimension of the waveguide 

«■ * < 

Example: r 

F = 3 x 10l0 i 1 +/ *4 l = 10,500 MHz 

— 5 — 

where \c = ^ cm , 
X^g = *4.08 cm 

By performjng the following experiments the student will become familiar 
with the three methods described above. ~~ 

Tools, Materials, and Equipment: 

1. Microwave trainer or transmitter 

2. Hand tools 

References: 

I. MlcrowaVe transmitter manual (if you are using a transmitter 
rather than a trainer).' 

Proce\lurei M 

Wavemeter Measurements 

1. Set up trainer as In Fig. 1. I*f you use a transmitter, It should 
be equipped with a resonant cavity wavemeter. 



: 6 
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Procedure: Continued 



MODULATOR" 



POWER 
SUPPLY 



KLYSTRON 



FLAP 

ATTENUATOR 



CROSS 

GUIDE 

COUPLER- 



WAVE METER 



DETECTOR 



SLOTTED 
LINE 



coax 



cable 



STANDING 

WAVE 

UNIT 



TERMINATION 



Fig. 1— Equipment Connections to Measure Frequency 

2. Connect a cable from the slotted line to the standing wave unit 
as shown in Fig. 1. (Disregard if using a transmitter.) 

3. Tune the klystron until it oscillates in a stable mode. 

k. Detach the cable from the slotted line and connect It to the crystal 
detector. (Disregard If using a transmitter.) 

5. Adjust the standing wave unit to maintain a meter reading' of 
less than ful 1 scale. ' 

6. Turn the wavemeter tuning control (or micrometer dial) until a 

dip Is noted on the standing wave unit meter (or the crystal current 
meter of the transmitter). , 

NOTE: The dip may be difficult to locate If the klystron is 
delivering a relatively large amount of power to the waveguide 
setup. Try decreasing the power by inserting the flap attenuator 
Into the waveguide and then check for a dip. It is also possible 
that other modes may produce a slight dip. Look for t he largest 



7. 



dip on the meter . 

Approach the dtp from below and above frequency carefully, noting 



the point of maximum dip. 
8. Convert the micrometer * reading to frequency using the chart supplied 
with the wavemeter, or in case of a direct reading- wavemeter, 
read the frequency indicated.. 

NOTE: Students using a' transmitter may not be ab^le to do the 
following measurements. Consult your Instructor. 
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Procedure: Continued 

Free Space Measurements* 

K Connect a waveguide horn to the slotted line using the same equ 
ment setup as in Tig. 1 • 

2. Attach the probe in the slotted line in such a manner as- to make 
it stationary. 

3. Position a parabolic reflector about 18 inches directly in front 
of the. horn antenna so as to reflect the microwaves back into the 
horn* 

k. Move the parabola in one direction or the other to produce a 

maximum meter reading on the standing wave unit. Mark this positiqn 
as a reference. 




5. 



Reposition/ the parabola closer to the horn slowly until the next 
maximum reading occurs. Mark this position for identification. 



6. Move the parabola closer to the horn again noting th* maximums 
as the dish approaches the horn. Erroneous reading? m ay be obtained 
if the dish gets closer than about 10 Inches from tbe antenna . 

7 . Measure the distances between the marks that were made at the 
maximums. The distance between any two adjacent marks is equal 
to one-half wavelength in free space. 

8. Calculate the frequency using the formulas: *~ 



P = 30,000 
cm 



2) F » 11,810 
tnches 



V 
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Job: Microwave Power Measurements 
Objective: 



) 



The student will measure the relative power output of the microwave 
signal. \ 

Job Information: 

Mos»t microwave systems Incorporate the necessary capabilities to 
measure the relative or absolute power output of the microwave signal. 
Instruction books usuaTly provide a step-by-step procedure to measure 
the power. In this Job the measurement of relative power output of 
a microwave trainer will be undertaken or If the classroom has an oper- 
ating microwave transmitter, the student, with the Instructor's per- 
mission, may measure the power output of the transmitter. 

The standing wave unit In the training kit will read the relative 
power output of the klystron. The meter Is calibrated for both vswr 
and power output In dB. DB reading carr be calculated using the for- 
mula dB « 20 log vswr. 

Tools, Materials, and Equipment: 

1. JMcrowave training kit 

2. Tland tools * 

3. Standard decibel table 

References: 

1. Transmitter manual (If you use a transmitter rather than a trainer). 
Procedure: 

1. Connect trainer components as shown IiyFIg. 1. 



MODULATOR' 



3pd 



POWER 
SUPPLY 



KLYSTRON 



FLAP 

ATTENUATOR 



SLOTTED 
LINE 



WTENhjA 



PARABOLA 



Fig. 1 — Equipment Setup 
for Power Measurements 
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P rocedu re : Con t f nued 

2. Tune the klystron for power outptlt on a stable mode. 

3. Remove the parabolic reflector from location fn front of the 
antenna, ' 

k. Slide the probe on the slotted line back and forth along the line 
until the meter on the standing wave unit indicates a maximum. 

5. Set the gain*contro1 until the meter reads full scale. 

6. Slide # the probe back and forth along the plotted lin^ until the 
meter indicates a minimum. The meter should remain on scale and/ 
indicate a vswr between 1:1 and 3:1. Record the reading. (Re- 
cord also the dB.) 

7. Place the parabola In front of the antenna at a distance of about . 
3 inches. 

8. Slide the probe along the line until a maximum is indicated. 

9. Adjust the gain for a reading of 1 on the vswr scale. 

10. Move the probe, noting it moves off scale to the left. $ 

11. Turn the range switch to make the meter again read on scale. 
(X 10 scale) 

12. Slide the probe along the* line until a minimum Is reached. , 

13. Record this reading, remembering that by changing the range switch 
the scale\has changed by a multiplier of 10. (Example: If the' 
reading in Step 6 was vswr 13 2, and now the meter still reads 

2 after moving the range switch, the vswr<= 2 + 10 or vswr « 12.) 

14. Note the reading taken In Step k when read on the "dB" scale. 
Record this reading. 

15. Compare the readings on the M dB n scale that were made in Steps 
6 and 13* 

16. Calculate the relative power level of one reading over the other 
reading. (Use the formula provided In the information section 
of this job.) 

17. Consult a standard decibel table for the relative gain or loss 
for your measurements. * 

18. Move the flap attenuator to several different positions and note the 
- * changes in power. 

/ ' 
Job QrfSstions: 

1. Does the vswr change in the line as the power is increased or 
decreased? ~ 

o 

) 

2. An increase in. voltage of 3 dB corresponds to a power increase 
a * of how many times? 



3. An increase in power of 3 dB corresponds to a gain of how many times?* 
k. A vswr of 5 dB corresponds to a standing wave ratio of , 



- • 60 
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Related Study: Assignment No. 6: Transmission Lines 
Objective: 

Upon completion of this assignment, the student will: (l) Know some 
devices used with waveguides for matching impedances, for^ terminations, 
and for making measurements, (2) know how waveguide sections are phys- 
ically coupled for miaimum loss, and (3) pass a written examination 
with a score of at least 75%. 

Introduction: ^ v 

In this R.S.A. the-student will learn about some waveguide devices, 
how waveguides and these devices are physically connected together for 
minimum loss, how energy is inserted into or removed from a ^veguide, 
how impedances are matched, and how attenuation affects the signal 
as it travels along inside the waveguide. 

The text has several illustrations of various devices used with "ave- 
gutdes These devices serve different purposes such as .apadanca ^tch.ng, 
tuning, or coupling. 'Some variations of these are shown in Figs. 1 apd 2. 
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Fig. 2--Reactive Plates in Waveguide 

Several methods are used to excite a waveguide, that is, rf energy 
must be put into or* taken from a waveguide if it is to be used as a 
transmission line. Since a waveguide Is in reality a single conductor 
device instead of the conventional line with two conductors, some different 
methods of excitation must be used to transmit or receive signals. Three 
such methods will be discussed. 

The first method uses- electric fields to excite the waveguide. If a 
small probe is inserted at the proper location In the guide, particularly 
one-quarter wavelength from the shorted end of the guide (or high Impe- 
dance point) and in the center of the guide parallel to the narrow di- 
mension, an electrostatic field Is set up when the probe is connected 
to an ff source. This in turn sets up the electric field to excite the 
guide. Impedance matching, when using this method, Is accomplished by 
varying the distance from the shorted end to the probe and also by 
varying the length of the probe. The amount of excitation may be controlled 
by reducing or lengthening the probe, moving it from the center of the 
E field, or by shielding it. This method is shown In Fig. 3. 

The second method uses a magnetic field to excite the waveguide and uses 
a loop Inserted into the guide as indicated In Fig. h. This loop may 
be located at any one of several places as shown at C in the figure. 
An H field is set up using the- loop, thus transferring energy to or* 
from the-guide. • - . 
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Fig. 3~Excft!ng the Waveguide with Electric Field ^ 




State Vocational-Technical Schools of Louisiana 

microwave ■ » 

I ntroduct ion; Con 1 1 n ued 

The third method of exciting a waveguide is the use of electromagnetic 
waves, Fig* 5- if a guide Is left open, reflections are set up due to 
fields being built up around the end of the guide* If a funnel-shaped 
or horn antenna is attached to the 'guide, these reflections are elimina 
. or minimized since the funnel shap^ acts as an Impedance matching* 
device. This matches the impedance of the guide to the impedance of 
space. One might compare the gradual slope of the horn to that of a 
two-wire line that is delta-matched to a half wave dipole antenna. 
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Introduction: Continued 

One other special method shown in the figure is the use of a small 
aperture and is employed when very loose coupling is desired. . 

In many instances It is impossible to W the waveguide in a straight line 
from the transmitter or receiver to the antenna. S.nce wavegu, des are 
usually rigid some method is necessary to change direction of the 1 me. 
lo keep from introducing a discontinuity that will cause ref ect.ons, these 
changes must be gradual. The radius of bend rhust have a radius greater 
than two wavelengths to keep reflections to a minimum. 

A bend can be made In either the narrow or the wide dimension without 
changing the mode of operation. The bend is usually made us ng two 
- 1*5 degree bends located one-quarter wave apart to reduce reflections. 
The combination of the direct reflection at one bend and the '™erse 
reflection from the other bend will cancel leaving the fields as ,f no 
reflection had occurred. 

Sometimes the use of a flexible sect ion of waveguide i s _^" s "^^ h fac . 
as an installation where a rigid mount is impossible. These are manufac 
t red mucn like a coiled spring with a rectangular cross section with the 
. internal dimensions conforming to the size of the rigid guide and are 
covered with a thick rubber coating to protect, weatherproof, and seal 
the guide' while^al lowing flexibility. 

On occasions it may be necessary to rotate ^ electromagnetic f ields 
to aliqn the guides for matching the narrow and wide dimensions. A 
wis ed section of waveguide (or sometimes a flexible sect.on) is used 
for this Purpose. The twist, like the bend, must be gradual usually 
IxJendlng'over two wavelengths to minimize reflections . A twisted section 
Is shown in Fig. 6. 




Twisted Section of Waveguide Rotates 
the Field with Minimum Reflecfions 



Fig. 6 

,t has been discovered that In joining two sect ions of waveguides together, 
/ even though the guide sections are the same size and shape with the sec . 

J tlons tightly fitted together, the joint will "leak radio frec I uenc y 

ener y \ solution to this problem Is the choke Joint. F gure 7 hows 
th* construction of this device wi.th one section having a flat flange 
23 Jtner e^ppeS with a slotted flange. Note the dimensions given 

ERIC / 
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for the spacing and depth of the slot. From the wall of the guide to.the 
slot Is one-quarterwavelength and from there to the bottom of the slot 

one-quarter wavelength (or a total of one-half wavelength) thus 
producing a short. Refer to the simplified drawing in Fig. 8. This device 

"effective that the sections can be physically separated by approxi- 
mately 1/10 wavelength without appreciable loss at the joint. By com 
pari son a choke joint will have a loss of about .03 dB and a we 1 -machined, 

ed permanent joint (designed and installed at the factory may 
Save a loss of .05 dB. A rubber seal is usually placed In the joint 
so that the line will be made airtight and a dry gas or dry air may be 
used to pressurize the line for the elimination of moisture buildup 
In the line. ^, v 




Fig. 7 
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(compare with "C" at left) 



D-Termlnated Ful l-wave Section Showing 
how Impedance Repeats Itself Each 
Half-wave Length 

Fig. 8— Impedances of Waveguide Sections 
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FYI: (Z » Impedance) & X = Wavelength 
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Introduction: Confirmed ' 

A special joint, called a rotating joint, Is shown in Fig,. 9 and is 
used where a movable antenna is necessary* This would primarily apply 
to radar systems and these systems are beyond the scope of this lesson. 




+ + + + 
+ + + , + 



+ + + 
+ ++ + + + + 

± ± ± ± ±- 



T M*l MOOC IN Cl*CUlAJt WAVECUDe 
CHOKE KNKT 




ROTATMO 



Rotating Joint and TMot Mode in Circular Waveguide 



Fig. 9 



Sometimes It Is desirable to attach one waveguide on to the side of another 
waveguide. Several methods of attaching these, together, are shown in Fig 10. 
Notice the configuration for the H type at the top and-the E type at 
the bottom of the figure. 

The technician is already familiar with the fact that transmission lines 
must be terminated Into a load equal" to their characteristic Impedance 
to eliminate reflections and the waveguide Is no exception. There is 
no easy way to define the characteristic impedance of a waveguide since _ 
It is really a single conductor. The impedance (Zo) Is approximately 
equal to the ratio of the strength of the electric field to the strength of 
the magnetic field for the energy traveling in one direction. This Is, 
comparable to the voltage to current ratio (E:l) In a coaxial line with/ 
no standing waves", • 

A circular waveguide at its lowest Impedance will be about 350 phms. 
A rectangular guide may be any value. The Impedance will depend on the. 
dimensions of the guide and the frequency of the signal! It is directly 
proportional to the narrow dimension when the wide dimension and the 
frequency are fixed. The Zo may vary from around zero to 475 ohms but 
Is normally designed to be about 50 ohms. 
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x Fig. '10* 

Several methods are -used to terminate a waveguide since the guide Is not ) 
easMy plated with a composition reslst'or a? other l ines are One 
method Is to fill- the end of the waveguide with graph ted sand ™\fl*\* s 
S n,t sand are dissipated as heat. A high resistance rod placed 
?n the center of the E field wll 1 T d!sstpate heat (|2 R loss) due to- the. 
E field (voltage) Causing & current to flow In the rod A wedge placed 
'perpendicular to the. magnetic fi^es of force will cut the H 
This produces current floVjpd the wedge;- being made of a high resistance 
material.} wll 1 dissipate heat. 
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Sometimes reflections are desirable and one way to produce these re- 
flectlon§ is to put a permanent plate on the end of the guide, A • 
removable plate may also be used if the contact between the plate and. 
'the guide .Is, very good/ If the contact is poor, the H field will be 
attenuated. If the plate is placed at a point one-quarter wave from 
the end of the guide, (a cup Is usually usedV good contact is not re- 
V quired. The reflected field from the quarter-wave cup cancels the incl 
dent field and reflections are at a minimum (see Figs, 11 and 12), 
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Fig. 1 1— Termination for 
Minimum Reflections 



C ' ADJUSTABLE flWG« 



Fig. 12 — Termination for 
Maximum Reflections 



In summary, waveguides are probably the best type of microyvave trans- 
mission line. They operate w^tj/di f ferent; propagation characteristics 
than do other types -of transmission lines, A thorough understanding 
of waveguides and the associated equipment used with them is both 
necessary and desirable. 
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References: 

1. ' Robert L. Shrader, ELECTRONIC COMMUNICATIONS, 3rd Ed., Gregg/McGraw 

Hill Book Co/ Read pages 638—643. ♦ 

2. George Kennedy, ELECTRONIC COMMUNICATIONS SYSTEMS, 2nd Ed., Gregg/ 
McGraw-Hill Book Co. Read^ges 337" 384 - ' 

Study Questions: 

1. How are fields introduced Into a waveguide? 



2. What happens to the fields in a waveguide after they pass* through 
a twist? 



3 # . Describe the action of a waveguide signal as It encounters a 
90 degree bend (as to reflections). 



h. What is a choke joint? 

5. List two ways of ?trminating a waveguide to minimize reflections. 
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Objective: 

The student wi 1-1 measure the standing wave ratio of the microwave 
system. 

Job Information: 

The technician probably is already well versed in what standing waves 
are, what causes them, and method s v to reduce or eliminate them. 
In this lesson, only procedures applicable to microwave measurements 
will be discussed. 

Waveguides, being transmission lines, must be terminated with a load 
equal to the characteristic Impedance (Ho) of the waveguide. Reflected 
power is undesirable at any frequency and at microwave frequencies . 
could be Jmportant because of the low power levels usually employed 
in microwave transmitters. 

The vswr is related to the reflection "coefficient of the microwave' 
transmission and associated components. The reflection coefficient 
rrtey be calculated using the formUja j • 

rc - Zl - Zo or rc = V reflected 
Zl + Zo V incident 

where rc = reflection coefficient, Zl » load impedance, Zo = charac- 
teristic Impedance of the transmission line, and V = voltage. The 
standing wave ratio (p) may be calculated using the formula 



P = V max or p = 1 + rc ^ K 

V mln . l^rc 

where V max is the standing wave peak voltage and'V mln is the mini- 
mum voltage. 

» 

The forward or incident power then is equal to 



Power forward (in %) e * 
and- the power reflected is 



1 " (Lz IV 
IpTT) 



x 100 



Power reflected (in %) »(*P " j \ 



2 x 100 
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Job Information: Continued 

In the procedure to follow, the technician will- discover that vswr 
is measured using a method that Is different from the conventional 
brldge^sed in two way communications* 

«• 

Tools, Material, and Equipment: 

1. Microwave training kit or transmi tter equfpped with vswr measuring 
equipment 

2. Hand tools 



References: 



r. Robert L. Shrader, ELECTRONIC COMMUNICATIONS, 3rd Ed.,^Gregg/ 
McGraw-Hill Book Co, Pages 640—642. 



Procedure: 



Connect the equipment as depicted In Fig. 1. The. box marked 
"X" will be designated Wjfch_e particular device that will be 
tested. Tune up klystron. (At box "X 11 an open-4nded waveguide 
will be tested so leave the slotted line open for the first 
measurements. ) 



DETECTOR 



WAVEMETER 
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COAX 



STANDING 

WAVE 

UNIT 



~* Fig. 1^-Setup for Measuring vswr 

2. SHde-the probe along the slotted line until a maximum Is Indicated 
on the.-standing wave unit. 

3. Record the probe position after the gain controls are set for a 
metsr reading of 1. 

k. Find a'minimum. by reposition!^ the probe assembly along the line. 
Write down the vswr reading and the probe position. 
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Procedure: Cont inued 

5. Measure the frequency using the wavemeter and record the reading. 

6. Change the -klystron frequency by rotating the cavity, adjusting . 
screw about 3/8 of one turn. Adjust the klystron for output. 

7. Measure maximums and mlnlmums again as in steps above, being sure to 
record si ide positions, meter scale readings, and the frequency. 

8. Retune klystron to sortie frequency as far removed from the first 
measurement as possible. Tune the klystron for output. 

9. Repeat the previous measurements and record the results. 

10. Prepare a graph showing vswr as the vertical axis and frequency 
as the horizontal axis. 

11. Place a mismatched plate over the open end of the waveguide of the 
slotted line. (This plate looks like a waveguide end cover cut 

ID half.) 

12. Adjust the klystron, for output. 

13.. Move the probe along the slotted line and locate two mihlmums. 
These should be adjacent nulls. 

14. Record the positions of the nulls. 

15. Measure the frequency with the wavemeter and record. 

16. Write down the meter reading (in dB) of the standing wave unit 
beginning at one null and progressing to the adjacent null. Read 
the metef for each one centimeter of movement. 

17. Move the probe to some other nvlnlmums, recording the readings 
as in Step 16. 

18. Pl^ce a horn antenna at box ,, X. M 

19. Repeat Steps 2 through 10. 

20. Place a slide screw tuner at box "X" (replacing the horn). Remove 
' * the probe from the tuner. 

21. Repeat Steps 2 through 10. 

22. Install the probe back into the slide screw tuner. 

23. Turn the probe about 5 tifrns Into the slide screw tuner. Check 

to see how far the probe penetrates into the waveguide. Repeat Steps 
Steps 2 through 10. ^ 
2k. Turn the probe in about 5 more *urns and repeat Step 23. 

25. In each of the above measurements, plot a graph or table Indicating 
the vswr, the percent of reflected power, and the percent of for-, 
ward power. Indicate which figures are for the open waveguide, 

the mismatch piate, the horn, and the slide screw tuner. 

26. Consult your instructor if you encountered any difficulty. 

i 

Job Questions: 

1. Which reading on. the slotted line is easiest to-read, minimum 
or maximum? 



2. Does the vswr remain the same as- the frequency is changed? 



JOB 2- 
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Job Questions: 



3. What dicf you determine about vswr when some object is placed wt 
the waveguide (as was the probe of the slide screw tuner)? 



k. Were the nulls located at the same position on the slotted line 
when the guide was open as they were when the line was shorted 
(mismatch plate)? 



7 



JOB 6 ^ 



State Vocational-Technical Schools of Louisiana 

MICROWAVE PAGE_!_OF_i— 

\ * 

Job: Waveguide Calculations 

j . 

Objective: 

The student will: (1) Calculate the guide wavelength of a waveguide 
in Inches and centimeters, (2) calculate the cutoff wavelength of 
a waveguide in inches and centimeters, and (3) calculate the free 
space wavelength of a microwave signal. 

Job Information: 

In the^R.S.A. about waveguides It was found that there existed a 
relationship between waveguide dimensions and the frequencies that 
would pass through these lines. To better acquaint the student with 
the calculations that determine the dimensions and the frequencies 
involved, this job will assign values and ask that you calculate the 
answers. 

In review, guide wavelength is the resultant of two electric fields 
traveling along a rectangular waveguide at some angle to each other 
when an electromagnetic wave Is transmitted down a guide in the domi- 
nant mode. 

The cutoff frequency is the value at which the waveguide dimensions 
prevent propagation of a signal of lower frequency. The cutoff wave- 
length is the dimension of the cutoff frequency. 

The free space wavelength is the dimension occupied by the transmitted 
signal as it propagates through space.. 

The following formulas are applicable to your calculations. 

Xg = f] - ( XFSv 1 
* XC0 ; 

where g a guide wavelength 

fs * free space wavelength 
co 58 cutoff frequency 

300,000,000 
fs « fhz 

where fs « free space wavelength 
300,000,000 3 speed of radio wave In space (in meters) 
f hz =* frequency of the signal In space. 

■ i 

. 7£J 
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or 



Xfs = 300 » wavelength In meters 
fMHz/ 

or 

Xfs = 300 X 100 = wavelength In centimeters 
fMHz 

To calculate the free space wavelength In Inches: 

Xfs = 11810 
THHz 

*To calculat«X he clltoff wavelength: 

' Xco - \f (m2) + (m a) 

D < 

where a * wide dimension of the wave'gulde (In cm) 

b * aarrow dimension of the waveguide (In cm) 
m 83 first subscript ^of the mode 
n » second subscript of the mode 

For the TE] ,0 mode 

Xco = 2a 

Tools, Material, and Equipment: 



1. Pencil 

2. Paper 

3. Slide rule"(or calculator) 



•Procedure: 



K Calculate the free space wavelength of a microwave signal whose 
• frequency Is 11,125 MHz. State the wavelength in both centimeters 

and Inches. * . f - u 

2 CaTculate the (Mtoff wavelength of the guide In Step 1 If the 

waveguide Is .88 Inches wide and .39 Inches across the narrow 
* dimension and the mode Is TE1 ,0. (cm and Inches) 
3. Calci/late the cutoff frequency of the guide If the waveguide Is 

l . *♦ cm by .6 cm (TE 1,1 mode). 
i». Calculate the guide wavelength of the signal In Steps 1 and Z. 

(cm and Inches) . 

5. Calculate the frequency of a signal whose wavelength 1« 3-15 cm. 

6. Turn answers In to the Instructor. 
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Jpb: Matching Impedances In Microwave Systems 
. Objective: 

The student will: (1) Adjust the training kit components to minimize 
the vswr and name several methods of matching Impedances In a 

microwave system. . 

Job Information: 

f ' - _ 

The purpose of matching. Impedances In'ariy transmission system Is to 
Insure the maximum transfer of power f rom^one point In the system to 
another point* Impedance matching becomes necessary when the charac- 
teristic Impedance of a generator (In "this case, a microwave oscillator) 
Is not the same as the Impedance of the transmission line or the . 
antenna Is a different Impedance than that of the line. 

Several methods are discussed In the R.S.A. and schematics or pictorials 
of some Impedance matching devices are Includa^in the R.S.A. 

By using a slide screw tuner In this job, the student can demonstrate 
one method of Impedance matching to reduce vswr. This device can be 
made to produce a reflected signal that Is 180 degrees out of phase 
with the original reflection. As already known, two slgnals«of equal 
magnitude and 180 degrees out of phase will cancel. 

The probe on the tuner can be made to exhibit capacltlve reactance 
or Inductive reactance by changing Its depth In the waveguide. Phase 
can be controlled by moving the probe In a longitudinal direction. 

Tools, Material, and Equipment: 

1. Microwave training kit 

2. Hand tools 

References: 

1. Robert L. Shrader, ELECTRONIC COMMUNICATION, 3rd Ed., Gregg/ 
^^McGraw-Hill Book /Co. Pages Gk0~Gk2. 

Procedure: / 
l # j Set up equipment as shown in Fig. 1. 
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Flxj. 1— Equipment Connections-- Impedance Matching 

2. Mount the mismatch plate (the waveguide end cover plate) at the 
position marked "mismatch." Remove the probe from the slotted 

1 Ines. 

3. Turn on klystron and tune for power outputf. 
k. Measure and record frequency and vswr. 

5. Disconnect the coaxial cable from the slotted line and attach It 
• to the second detector. 

6. Locate the horn antenna about 2k Inches away from the mismatch ^ 
plate and In line with It to receive a signal. 

7. Read and record the received signal as Indicated by the vswr unit 
meter. 

8. Replace the probe In the slotted line. 

9. { Move the probe back and forth along the slot and up and down Into 

the waveguide until a maximum Is located. Several such positions 

may be found. 
10. Change the coax back to the slotted line. 
1J. Read and record vswr. '* 

12. Change probe position and depth to locate the lowest vswr and re- 
cord this reading. - 

13. Retune the klystt^ to another frequency, somewhere near the opposite 
end of the band f roirrwiiere Jt Is now operating. 

11*. Measure and record the frequency. 

15. Read and record the vswr without moving the slide screw tuner or 
probe. 
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16. Unscrew the probe completely and measure and record the vswr. 

17. Prepare a chart from the preceding measurements. List each fre- 
quency and the vswr measured at each different procedure. 

18. Calculate the percentage of reflected power for each step. 



J<j>b Questions: 



1. Did inserting the probe into the line change the vswr? 



2. Did the vswr change when frequency was changed? 



3. Why Is It necessary to match the impedances, of the cjevlce^ used 
in a microwave transmission system? 



\ 



so 
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Job: Microwave Attenuation Measurements 
Objective: 

The student will: (1) Demonstrate how a microwave signal can be, atten- 
uated and the effects of attenuation and (2) measure attenuation in a 
microwave system. 

Job Information; 

Attenuation or the reduction In quantity of a signal may be of two types- 
wanted or unwanted. Attenuation may occur .In devices within the system * 
due to design of the equipment and must be overcome with increased gain 
in the amplifiers. Sometimes attenuators are placed In the system to con- 
trol the output power W various stages. > 

An example of intentional use of an attenuator is the Insertion of 'a rod 
Into-the waveguide to drastically reduce thearadlated energy of the 
microwave transmitter. This is used to advantage in "hot standby" 
circuits equlpped^wlth a waveguide switch where .the spare transmitter. 
is terminated Into a dummy load. If the "o>i-1ine" transmitter must 
be taken out of service without turning it off, the output Is attenuated 
so-much as to effectively fcut of f radi at ion of energy. ( 

Some other uses of. attenuators are isolation of one device from another 
and matching using lossy material. > 

Of course, some attenuations cannot be el Imlnated. These are heat loss 
due to\k1n effect within the guide (l 2 R loss),, losses due to reflections, 
mismatches, and absorption losses. ^ v \ 

These losses can be calculated In watts or In decibels using the same 

formulas that apply to other types of gain or loss. (Example: 

Db = 10 log power In or dB - 20.log voltage In or dB « 20 log I In. 

' power out , voltage out I out 

Power (In watts) = l 2 R, etc., can be used to calculate Input and output 
power and the difference Is the amount of loss. . , 

Attenuators may be constructed using a rod or screw, wedge of conducting 
ma'terlal, or. by the use of absorptive material and properly fitting these 
to a waveguide. A waveguide Itself may be used as an attenuator. If 
the physical size of the guide Is such that It offers high opposition 
to the passage of energy, it wl 1)1 cause a loss.' This guide Is usually 
operated at a wavelength below. Its cutoff frequency. An Illustration of 
» this method Is shown In Fig. 1." . 



- SI 
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Fig. 1 — Waveguide Attenuator 

The waveguide is operated af frequencies greater than cutoff and th^ 
output Is varied by changing the coupling (distance) between the 
two col Is. ' 



Tools, Material, and Equipment: 

* 1 . Microwave trainer . 
2. Hand tools 

References: 



/ • 



/ 



1. Robert L. Shrader, ELECTRONIC COMMUNICATIONS, 3rd. Ed. , Gregg/ 
McGraw-Hill Book Co. Pages Sk0—6h2. . • 



Procedure: 



T. Connect microwave components as shown In Fig. 2, terminating the 
setup with the half-short I ng plate. 
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Fig. '2— vswr Attenuation Measurers 



2. Adjust flap attenuator for minimum. 

3. Measure vswr. ( 

1». Begin a chart by recording the reading In Step 3. 
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Procedure: Qont inued 

5. Adjust flap attenuator for maximum Insertion into the guide and 
record the vswr, 

6. Set -the attenuator at its mid-position. Read vswr, 

, 7. Change the equipment totthe connections shown in Fig. 3. 
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Fig, 3""InsertIon Loss Measurements 

Set flap attenuator to minimum, , - ~ 

3* Set slide screw tuner probe for minimum Insertion Into the guide. 
10.^ Measure and enter In the chart the vswr, | 
IK Measure the output In dB by connecting the coaklal cable from the 
♦ standing wave unit, to the detector, 

12, Adjust the slide screw tuner for maximum power output (dB) and ^ 

loWest vswr (Impedance match). Enter these In the chart, - 

13. . Adjust the standing wave unit gain controls to read 0 dB, 

% \k» Read the loss when the flap attenuator Is adjusted to minimum, 

mi«d-posltfon, and maximum Insertion. These readings a*?e minus level 
(dB below 0 level). * / 

15. Readjust'the flap attenuator and the slide screw tuner probe, for 
minimum. > 

16. Move the* slide screw tuner to obtain the same vswV as encountered „ 
In • §fcep 12.- EnteV the power (In dB) at the detector. 



Job 



Questions:.. . * 

1. Hcito much powep loss In dB was th^re from mlplmujn flap Insertion 
to Jnax^mum?. • ' 
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Job|' Questions: Continued 



2* Name several devices -that are us.ed ^as attenuators. . 

■* t 

• ; 

, 3. tfame some attenuations present In the system that connot be 
adjusted.' ; . 



/ 
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Related Study Assignment No. 7: Detectors and Mixers 

y * 

Objective: 

UpoVcompletion of this assignment, the student wW 1 : ™ ***** 
characteristics of a silicon crystal diode, (2) • know the uses of 
a smcon crystal diode, and (3) be required to pass a wntten e* ; 



ami 



nation with a score of -at least 75s 



Introduction 



It Ms been found that at microwave frequencies- the regular germanium 
ir vacuum tube is not a good quality mixer due to noise, frequency 

s and iisses' oSTofVhe best types of .mbcar. and detectors 

is the silicon crystal diode designed for microwave uses. 





TUNGSTEN WIRE 



SILICON WAFEK 



$ 



■ .. Fig. 1— Silicon. Crystal Diode 

making contact.witfh a silicon waTer. nw m / 
at the j,unpt ioh 6f the wi re and waf «Y\. 

The crystal' mixer is "used baslcal ly/£ heterodyne the microwave signal. 
doL to a ' ower yalue-where more conventional circuits are. employed 
as^mpllflers! detectors,, or automatic ffequert^controls. However, 

.^Sn 1 Editions must bfc met to assure the &^«?&tZ* 
^ r t WA K ctrat of the- impedance of * the crystal, mixer emu 

.$ St s"sS,« » S ttW weU natOed-so that^he crysta, .11 



i 



State Vocational-Technical Schools of Louisiana 

MICROWAVE 



R.S.A. 7 

PAGE_LoF_! 



Introduction: Continued 
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Ffg^r-Chanacterlstlc Curve of 
CurrenT vs Voltage of a Typical 
Silicon Crystal Diode ♦ 



absorb maximum power f>qm the sourc'e. At the same time the signal * 
source must be p raven tedNfvrom being Injected intp-ether parts of the 
circuit. The tuned circuit that the crystal works into must also be* 
matched to the crystal output Impedance. Both Input and output 
Impedances of the crystal are very low (in "the order of a few hundred . 
ohms) and these Impedances are themselves dependent on the amplitude 
of the local oscillator sTgnal. - A ^ y 

Some power is lost in the signal conversion process when using the 
crystal mixer to produce] an intermediate frequency and this loss is 
called the conversion loss . Typical values of signal are 6 to 10 
decibels* This loss will decrease If the local oscillator signal 
amplitude is Increased. / 

* 

Noise output a of the crystal is of 'concern also. The cjrcult must be 
designed to give the maximum output signal obtainable" whl le keeping ^ . 
noise figure at the lowest level. This usually results in a compro- 
mise that wilTglve a rectified output oy.3 to 1 mA/>f current or 
a power of about 1 mW of^ower that is absorbed by the crystal from 
the local oscillator. . " \ ■ 

.These crystals a're .designed to work In circuits operating from K)00 MHz* 
to 25,000 MHz and above. In addition to serving as mixers they can> , 
provide an Indication on a mtj J i ammeter with t;he rectified output current 
being proportional! to the square of the effective value of the signal 
voltage, thus rriakrng It. a square-law detector., This means, then, *♦ 

.that, the DC developed by tfje # rectified current Is very Useful in the 
measurement of microwave pdwer output. The accuracy of the measurement 
of.an amjjj Itude modulated slgrtal !s> limited by the. fact that the 
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Introduction: .Continued - 

ampl itude" of the signal Is constantly varying durlng-the modulation . 
- process. Accuracy Is also affected by the quantity 6T IjflSut signal. 
If the signal Is too large the response of the .crystal changes, causing 
an erroneous Indication. Other factors affecting the output are: ^ 
(1) The frequency of the signal, (2) types of crystal (even two crys- 
tals with • Identical part numbers can give different reading If placed 
In the same circuit), (3J amount of bias placed on the crystal (this 
also changes. the noise figure), and resistance of the audio load. 

» . 

To frnd If the crystal under test Is relatively close to the square- 
law- value, certain measurements can be performed and the va.lue of the 
exponent calculated using* the equation 

N = .22 

D/ X g - .111 * * 

* where N ■ exponent of V (law of the crystal) 

D = distance between,2 adjacent *"hal f of maximum current" points 

( 3 dB point on a square-law meter) . 
g = guide wavelength / 
since voltage and current, Qf the crystal are related. This relation- / 
» " ship can be calculated using the equation, I «= CVN. I.n a passive device 
such as a resistor, ■ this would be^equlvalent to V = IR If N » 1 and * 
. • % C » 1. . . • ' . 

*• - 

Some of these measurements will be made In the Job associated with 

thls'R.S.A. * * ✓ » 

" • 

References: 



1. Robert- L. Shrader, ELECTRONIC COMMUNICATIONS, 3rd. Ed., Gregg/ 
McGraw-Hill Book Co. Read pages 6^2—6^3. 

2. George Kennedy, ELECTRONIC COMMUNICATIONS SYSTEMS, 2nd Ed., Gregg/ 
McGraw-Hill Book Co. Read pages 397-^00. 



Study Questions: 

a squc 

\ 



1. ^What Is a square-law detector? 



2. What are some of the factors .that affect 'the output of a silicon 



crystal diode? 



3.' On whaV frequencies do stllcon crystal diodes usually operate 
In n{lcrowave equipment? f 
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-Job: Detecting Microwav^ Signals j 

Objective: . , • 

The student will: (1) Demonstrate detection of microwave signals, 
and (2) yse a crystal'(a square-law device) for detection of mi'cro 
> wave signals. • 



Job Information 



For information to.be useful, it is necessary thatthe data Impressed 
upon the transmitted carrier wave be removed from. the carrier and re- 
turned to its original form. Also Mine method is needed to determine 
If the microwave signal itself is present. ' '* * 

S.evera-1 methods of detection are available. The best method available J 
uses^a silicon crystal diode and is the type of crysta/ -detector used 
in this Job. The diode will rectify the microwave Vf^rtal and provide 
a DC meter witfi current to indicate that av signal jsefcesent. The - 
current will depend upon the Quantity of microwave potier available \i 
to be detected. The crystal Jwill also demodulate the/ microwave signal * 
if Used in the proper *i rcu if configuration. The sys^em.used in these 
original jobs Is. of the demodulator type of indicatir ' 
a crystal mixer. ' 



* Toojsj 



r device fed from 



Materials, and Equipmenl 



1 r^HJcrowave trainer 
2. HaMM*>e1s 



\ 



References: 



\. Robert L. Shrader, ELECTRONIC COMMUTATION, 3rd Ed., Gregg/McGraw- 
Hill Book Co. Pages 642—6*3. 



Procedure:, 



1* Set up>equfpment *as shown In Fig. 1. * , - 

• 2. v *Yune the klystron for a stable mode.- \ \, 

*3. Peak all equipment for maximum output. « 

k. Find a voltage maximum on the slotted l.lne by adjusting jthe probe 
back and foi;th along the slotted Vine. 

5. 'Adjust, the flap attenuator to mid-range. - 

6. Turn the amplifier "gain control for maximum gain. 



4 - 
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Fig. -J — Microwave Detector Setup. 

Move the step swl"tch on the -standing wave unit uiitJKa meter reading 
Is obtatned (x 30 scale). If the'mefer reads too high on this 
scale, unscrew the probe on the slotted- line to reduce the signal. 
Set the probe Into the guide to ffoduce a zero reading as read on 
the dB scale (x 30 scale) when the slotted line probe Is moved 
to a voltage maximum., \ ' t J 

Establish the guide wavelength by measurement and -record. 
Find both 3 dB points (one each' side of the probe position) by 
'moving the probe. In one direction to reduce the signal 3' dB then, 
bafck the other direction past 0 to tbeTTm down position. Recofcd 
all 3 probe positions usljig the ''centimeter sc|ale. ' -' 

Calcu1at«Lthe distance between the two' 3 dB positions. This- repre- 
sents the distance. between the half 'maximum curiWt points. * 
Set the standing wave unit to the x 20 scale and repeat Steps 
8 through 11. • . * 
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Job Questions: 

J. Using the formula N - J> J 1 *! 

r 

where N - law of the silicon crystal 

D 83 distance calculated In Step 11 
Xg * guide position measured In Step 9, 
calculate the power for the X 20 and X30 scales of the meter. 



2. Does the crystal- conform to the square-law In both sets'of 
measurements? 
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Job; Direct Tonal Couplers 1 . 

Objective: * * 

«. * 

*' The student will: (1) Demonstrate the characteristics of a directional- 
coupler and (2) measure the directional properties of a directional 
coupler. * r 

Job Information: 

Directional couplers are used to monitor the information traveling 
along a transmission line or to measure the forward or the reflected 
waves in the waveguide without upsetting the transmission of energy 
within' the system. It may also be used for other purposes if the 
need arises. . . 

Figures-laHb, and 1c show three types of directional couplers 
and Fig. 2 will Identify the 'coupler that will be u.sedjn the pro- 



_ * '^ ur ^' f h 'f" ' device" isSometimes" called a cross guide coupler. 
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Fig. 2— Cross Guide Coupler 

In 'Fig. la,' a two hole coupler is depicted' and this device may-use 
either magnetic or el ectric coup 1 ing between the two ines Electric 
coupling uses probes, magnetic coupling uses loops, or both types of 
coup ng may use slots oriented to produce the same effects as a probe/ 
or a loop. Only one type coupling may be used at a time for the system- 
to work, however; 

A wave travels in direction 1 in line 1 and causes a signal to gravel 
in the same direction in line 2. No wave will travel n d recti on 1 
f the signal in line 1 travels in the opposite direction (direction 2 
f a wave enters line 1 and travels in direction 2, a wave n 1 Ine 2 wl 1 1 
also travel in direction 2 but a wave in line travel ing d. rect ion 1 
wi l not cause a wave Indirection 2 in line 2 The spacing of the 
two holes must be. an odd multiple of one-quarter wavelength apart In { 

the coupl er. 

> 

A device called a magic T is shown in Fig. lb. If a signal enters at 
' W it divides (as in a bridge circuit) into equal amounts between Y and 
with no signal output at X because the dominant wave cannot turn the 
SO oegree corner" 'if the signal enters at X It divides equally between 
? and Z and no output appears at W. This act. on just Ascribed will 
occur if Y and Z have been terminated with the same mpedance. If the 
C erm5natio n rar.e different, the output at X will be n proport on to 
t-ho difference between the reflected signals at Y and Z (assuming tne 
wave enters the T at W) and the* output at WW. II be In the same proper- 
tion If a signal enters at *X. 
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Job Information: Continued ? 

In Fig. 1c, two devices are shown that produce a series or parallel ^ 
resonant circuit and trap or pass frequencies accordingly. The equiv- 
alent circuits are shown schematically. 

The cross guide coupler shown In Fig. 2 is basically a slot type coupler 
as described in Fig . la. this is commonly called an aperture coupler 
and phases of the signal In the upper line tend to add or cancel as they 
pass through the slots. This action of cancellation or addition of phases 
is determined by the relative location of the slots to each other and 
their position within the waveguide relative' to wavelength. With two 
waveguides crossed at right angles and magnetic coupling being us6d, 
/ signals fed into the upper guide through the slots R and S will be 180 
out of phase with each other. After traveling toward the termination 
the same electrical distance, the two signals from R and S cancel 
(the device Is not perfect stf zero will not quite be attained) and In 
the d/irection opposite the termination the signals add due to the lengths 
of the electrical paths. 

To Identify some measurements that will be made In the procedure, several 
definitions or descriptions of different powers are: 

(1) Insertion Loss— The power lost In the coupler due to skin effect* , 
' and other heat losses (l 2 R), reflected v losses, and'coupling losses 

(joints, etc.). The Toss, is calculated by subtracting the power 
out from the poiter In or in dB, 10 log power In . 

power out 

(2) Direct? vlty— The power that appears as an unwanted value due ♦ 
to Imperfections Inherent to the coupler design or manufacturing 
tolerances. It Is usually compared to the coupled power and is 
stated In dB, ]& log coupled power . % \ * 

unwanted power 

(3) Coupling— The power taken from the line to be used as a monitoring 
signal or sample. -This Is usually compared* to the input signal 
and is expressed as dB « 10 log power In . ^ 

power coupled - / 

(i*) isolation— The power ratio of unwanted signal to Input signal 
expressed as dB * 10 log power In . I 

unwanted power - 

Tools, Materials, and Equipment: 

1. Microwave training kit 

2. Hand' tools 

•References: 

I. Robert L. Shrader, ELECTRONIC COMMUNICATION, 3rd. Ed:, Gregg/McGraw- 
Hill Book Co. Pages 6k\-,-6k2. 
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Procedure: 



1. Connect microwave training components as In Fig. 3. (The two x's, 
. marked R and S, Inside the coupler are internal slots.) 



/ 



MODULATOR 



POWER 

SUPPLY, 



KLYSTRON 



FLAP 

ATTENUATOR 



WAVE METER 



SLOTTED 
SECTION 



TERMINATION M 



S X 
XR 



TERMINATION N 



\ DETECTOR | 



TURNER 










COAX 
CABLE 








STANDING 






WAVE 




r 


UNIT 





Fig. 3— -Connect iojrsvf or ,DI rectlonal Coupler Measurements 

2. Turn the klystron cavity adjusting screw completely counterclock- 
wise. Do not jam It against the stops. 

3. Adjust the klystron for a stable mode of oscl 1 lat Ion. > 

4. " Adjust the wavemeter for a dip on the standing wave unlt^meter. 

Record the Reading and then, detune the wavemeter. 

5. Set the flap^attertuator for minimum attenuation. 

6. Adjust'the slide scrfew Jjuner for maximum power output and minimum 
vswr. f * . 

7. Set the standlaa wave meter to. 0 dB. 

8., Change the slide screw tuner and the detector from position X* 
to position Z\to measure the signal at tyhls point* Record the 
reading In dB* (The detector must always be located after the slide 
screw tuner.) Be sure to move load N to X. 

9. Move the sljde screw tuner and detector to position Y from position 
Z. Move load M to position Z. 

10. Measure signal In dB and record the reading. 

11. Change the frequency of. the klystron td about mldrange. 
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Procedure: Continued 

* 

12. Move the slide screw tuner, detector, and terminations back to their 
original positions as in Step 1". * 

13. Adjust 'the klystron to a stable mode and then repeat Steps ^ through .10 
\k. Turn the klystron adjusting screw to maximum clockwise (do not 

jam against the stop), move the equipment back to the original posl7 
tlon as In Step 1, and repeat Steps h through 10. 
>. 15. Remove the termination in Steps 8 and 9- Repeat Steps k through 10. 

16. Prepare a chart with all measurements. 

17. Using the following formulas, plot the directivity and coupling at 
the several frequencies just measured in Steps k through 

• . . / 

Insertion Idss = 10 log W In (In dB) 
r 1 Xout (In dB) 

" * Coupling - 10 log W ?n ' (in dB) | 

1 • ^ 

Isolation a 10 Yog W in ' (in dB) 

Y (in dB) 

Directivity e 10 log (in dB) 

Y . f . 

18. Calculate the effective direct I vi ty and the coupl ing using the values 
found In Step 15*. f 

Job Questions: 

1. What happens to the amount of coupled signal If the Input and out- 
put ports ojf the coupler are reversed? 



2. Did removing the load In Step l4 change the coupling and directivity? 



3. 



What f^ppens to the coupling and directivity If the input-output s 
line is changed' to the coupled-gnwanted line and vice versa? 
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Related Study Assignment No. 8: Microwave Antennas* • 

Objective:* w ) \ 

Upon completion <of this assignment the student will: (1) Know the 
characteristics of antenna systems used in microwave transmission, 
(2) become acquainted with several types of antennas, and (3) be re- 
quired to passr a wcjtten Examination with a score of 75% or more. 



Introduct ion> 



»! 



"The heart of any transmitting and receiving system is the antenna. 
Jtfcrowave systems are no exception and as a rule require a vefy high 
gain, directional antenna. 



A very basic antenna used with microwaves is the horn antenna, a device 
that looks as if the waveguide, to which it is attached, has been flared 
into a cone or rectangular-shaped funnel • \ Figure 1 i 1 1 ust rates oqe 
'shape of^? horn antenna.' The configuration of this device provide? 
a means of producing a field distribution across an aperture. Thejpower 
gain and the beam width* are determined by the angle of the flare of the 
sides as well as thd length 'of the flared portion. The. number of lobes 
also depends on the length of the flared portion. The radiation pattern 
may be altered into a selected plane by choosing the proper shaped horn. 
Several of these shapes are shown in Fig. 2. « 

i . . • 




Fjg. 1 — Typical Horn Antenna 
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Introduction: 'Continued 






CONICAL 



SECTORAL 
H PLANE 



SECTORAL 
E PLANE 




(d) BlCONlCAL 



'f Fig. 2— Other Horn Shapes 

The shapes In Fig. 1 and £Ig. 2a provide a thin, narrow beam that is 
very directive In both the horizontal and vertical plane. Figure 2b 
and c produces a pattern similar to a fan and d will result in a wide, 
horizontal but narrow, vertical beam* Most horns do not, provide the 
ga bl found In the parabolic reflector, the next radiator to be discussed* 

The parabolic antenna is probably the most used of all microwave antennas. 
The jjn It consists of a devlce<that emits energy .for transmission Into 
a prfrabolic reflector. The reflector concentrates the energy into a 
narVrow beam andaims the beam in thydesired direction. Several factors 
determine the width $nd shape of tljiC lobe transmitted by the reflector 
and these are the parabola size, the parabola shape and the field 
intensity variation over the aperture. 

Some minor lobes are- usually present but these can be reduced to a mini- 
mum value by proper design. Also, If the parabola Is designed to be 
several wavelengths across, the power gain and beam width are exceedingly 
good. Beam width caif be as small a,s 3 degrees and power gain can be 
about A000 with a good "dish." Several shapes of parabolic reflectors 
with different feed systems, are shown In Fig. 3- 

Some method must be employed to'ra"dlafe energy Into the parabola or to 
feed (sometimes called "Illuminate") the reflector. It'ls very Important 
that the method used tq feed the reflector be one that will concentrate 
" all Its radiated energy' Into the dish since this will be the only source 
of radio frequency energy.. For example, ff an omnJ directional anterfna 
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fb) 

CYLINDRICAL 



V 






(d) 



OFFSET 



TRUNCATED 




(e) 

HORN FEED 




(f) . 



BUTTONHOOK 
FEED 




(g) 



YAGt FEED 



Fig. 3"— Parabolas and Feed Systems 

fs placed In front of a reflector as fn Fig. k 9 t\\e reflector receives 
less than half the energy radiated by the antenna and this greatly re* 
duces the power gain. If Jt-he antenna Is Itself highly dl rectlonaK, 
pnly tbe central portion of the parabola, will be Illuminated causing* 
unnecessarily large lobe width. With proper shape of the reflector and 
good design of a feed system* maximum reflection that could be attained 
would-be urflty or 1.0. %ln actual field conditions the amount of reflec- 
tion Is usu^Jly ab6ut .7. Several excitation rpethods to supply energy 
to a reflecting surface are shown In Fig. 3 and the most popular type 
found In use today Is probafcly the "buttonhook 11 arrangement. 

Two other antennas, although not popular In microwave communications 
systems today, are the slot antenna and the 'lens antenna. *In the 
slot antenna, it has been discovered that by cutting a narrow slice of 
material from a thin conducting plate and attaching a feed line to each 
side of ' the center of the slot, the slot becomes a. radiator If it Is 
the proper length. .Strangely enough, the narrow slice that was removed 
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FARABOLA 




-V"' 1 ' i * v 



OMNIDIRECTIONAL 
ANTENNA 

RADIATED 
ENERGY 

REFLECTED 
ENERGY 



f" — < 



/ 



Fig. Omnidirectional Antenna Radiation 
Pattern into Parabola Showing Amount of 
Energy Striking Parabola for Reflection 

to form the slof'can also be made into a radiator, 
of the basic slot antenna are shown in Fig. 5. 



Several variations 



> -=c— LARGE CONDUCTING SUR'FACE* 




SLOT GUT OUT 
OF SHEET 



TWO-WIRE LINE 




COAX 
FEED 



a) Basic Slot Antenna 



*b) Batwing Slot 




c) Waveguide Slot 



ERIC 



Fi£. 5— Slot Antenna Configurations 
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Introduction* 



The lens antenna has a field distribution similar to that of th'e^horn 
antenna.-*' By designing the lens so that the waves striking the lens 
at* the farthest point" from the'axis must travel a greater distance than 
those waves at the axis, the spherical wave from a radiator Is changed 
^ into a plane wave due to phase velocityfact ion like tfoat in a waveguide. 
Figure 6 illustrates a lens antenna arid its associated Wavef ront$ # . ' 
This type is f requency-sensi t ive due to phase velocity action and 
Fig. 7 shows a second lens'antenna that overcomes the frequency-sensitive 
disadvantage by employing a dielectric 1ens ; * ~i ' 



SPHERICAL 
WAVEFRONT 



RADIATOR 




METAL STRIP 




PLANE 
WAVEFRONT 



Fig. 6--Meta11ic Strip Lens Antenna 



RADIATOR 




•PLANE 1 
WAVEFRONT 



Fig. 7— Dielectric Lens Antenna 
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Introduction: Continued . ■ [ > y 

\ A great many microwave systems iuse a parabola mounted near the ground 
, and locate a passive reflector up on the tower to bounce 'the microwave 
signal in the * desired direction. The reflector,' as a general rule,' 
looks like a large refrigerator rack or grid. By using this type in- 
stallation long runs of waveguide and weatherproof housing for terminal 
equipment are eliminated. Also, equipment is readily available for 
maintenance witBSUt climbing the supporting structure for the antenna. 

Horns, parabolic reflectors, and d ielectrlc lenses are forms of non- 
^ ^ resonant antennas. They 'find uses tin narrow or wide band transmission" 
of microwave'energy. 

References: ' » 

,1. .Robert L. Shrader, ELECTRONIC COMMUNICATIONS, 3rd Ed., Gregg/McGraw- 
; Hill Book Co. Read pages 5J7 and 662. s 

2. George. Kennedy, ELECTRONIC COMMUNICATIONS' SYSTEMS, 2nd Ed., Greg*/ 
McGraw-Hill Book Co. Read pages 313— 334. -* 

Study Questions: I /" 

* 1. Name two popular types of microwave antenhas. 



9 

ERLC 



2. '. What determines the power galn'^of a horn antenna? 

♦ * 

r 



1 L 



3. What is the, advantage of using a parabolic reflector in microwave 
transmission? 

\ 

h. .What is a passive refjector? & 
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Job: Antenna Measurements 

« \ 

Objective: 



The student will:' (1) Measure the rad.iated pattern of a horn antenna, 
, }tl determine the radiated polarization of a microwave signal, and 
UJ determine the radiated beam width of a microwave signal. 

Job Information : ' ', ' 

Antennas are necessary devices in the transmission and^recept ion of all 
radio systems,. In fact, the antfenna is probably more important than 
any other component in the entire system. 

Microwave antennas are gwerally designed to be 'unidirectional since 
the systems are used to /transfer data from bne point to another • 
Broadcast stations, on the other hand, transmit signals equally strong 
m all directions. Since the microwave signal is concentraTed into one 
direction, a type of "gain" occurs. Imagine a flashlight bulb mounted 
atop a set. of batteries and Illuminating a room from the center of the 
floor. The' room would be rather dark all over. Now, by placing a 
reflector behind the bulb, the light is concentrated into one direction 
and one area of the room is supplied with all the light output of the 
lamp,, creating a bright "spot." (This example is then comparable to 
a microwave antenna.) To produce the same amount of light as created 
by the spot," the lamp ( a to P- the batteries) without the reflector would 
have to be increased in brilliance many t,imes. 

The width of the beam of light would be important 'to the brilliance 
of the spot also. The narrower the beam," the greater the amount of Tight 
concentrated into the spot. The width of the microwave beam, then, 
affects the signal strength at the*rece i v I ng station In exactly the 
same way as the beam width of the light rays. The beam width of the" 
microwave signal Is usually measured at the "half power points" or at 
w the points orf either side of the beam that is 3 decibels (dB) less" than 
the maximum at the center of the beam. ' The width Is expressed (h degrees. 

The gain of this type antenna i s' calculated using the equation: 

G = 4 tt A 

X 2 V 

where G » gafn In decibels- 

A » area of the radiate^ signal. 
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'Job Infarmation: Continued ^ 

* 9 

The pattern that will be^measured in the procedure is called the 
Fraunhofer pattern. • This pattern, unlike the Fresnel pattern, is inde- 
pendent of distance from the antenna. Measurements wilT result In readings 
that give direction only. * * % - 

Tools, Materials, and Equipment;, # * k 

1. Microwave training kit • 

2. Hand tools • 

References: # 

1. "John D. Kraus, ANTENNAS, 1950 Etf. , Gregg/McGraw-Hill Book Co.. / 
Pages 26, 283, 284, 291, and 353-381 . / ' . 

Procedure:! *" 

j. TJUrn t}ie klystron cavity tuni ng^djustment almost entirely counter- 
clockwise. 

2. Set up equipment as in Fig. X' x 
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Fig. 1— Measurement of Antenna Patterns 
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Procedure: Continued m 1 

3. Center the antenna front edge right above the phrt^ractor board 
pivot point. 



> 5. 
6. 



\ 8. 
9. 

11. 



12. 

J 3. 
|4. 



15: 

16. 

18. 
19. 



Tune 'the klystron for a stable output-signal 
Measure -the frequency and record the reading. 
Detune the frequency meter. 

Move thi? slide screw tuner'back and forth until a maximum Indication 
is obtained. (The antenna board pointer must be set at the 90° 
point?. The antennas 'should be In perfect alignment.) 
Adjust the vswr tuning unit gain control for 0 dB on the meter. 
Move the receiving antenna 5° clockwise and record the reading. 
Move the receiving antenna in 5° steps clockwise recording each • 
reading until 90 degrees is reached. 

Move back to zero and rotate the antenna In 5° steps counterclock- 
wide until 90° Is reached, recording each reading. 
Place a 90° twist section between, the horn and the waveguide. 
Repeat Steps 9 through 11. 

Plot a graph for each of the procedures 3 through 11 identifying 4 

the firs.t graph asanH plane plot and the second as an E plane 

graph. (Use polar coordinate paper.) 

Identify and record the half-power beam widths. 

Take both tfie horn and ttfisted section off the waveguide. 

Line up the edge of the waveguide with the pivot point of the 

antenna board. (Center the waveguide over this point.) 

Repeat Steps 9 through 11 and plot a graph, as in Step* 14. 

Connect the training equipment as shown in Ffg. 2. 
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/Mount on stands 
yas necessary. . 



) 



Fig. 2— Measurement of Propagation 
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Procedure: Continued 

20* Tune up the -klystrorr for stable operation* m , 

21. Adjust the slide screw tuner for maximum Indication on the^meter* 
22 1 Turn the range control on the,vswrunit to the, 0 range. 
23\ Turn the gain control until the meter reads 0 dB. Some trainers , 
\ may not be able to reach 0 dB. If yours is one that is unable 
to be set to 0, go down one range. 
Ik. Move- the receiving equipment away from the transmitting 'equipment in 
.5 inch intervals until 25 inches separation is attained. Record m 
each reading (In dB) . ' " 

25. Record the reading at 5 inch intervals up to about 60 inches. 

26. Record the readings at 25 inch intervals beginning at 75 inches and 
ending at 250 Inches. * , < 

27. Compare a"Vl the readings obtained in* the steps, above. 

V * 
Job Questions: 4 v . 

s 

1. Did your measurements indicate any side lobes in addition to the main 
lobe? 

2. What was the relative strength of the sldq lobes (If any) as compared 
with the main lobe? 



3. Would side lobes be a form of wasted radiated energy? 

k. Discuss the radiation pattern of the hofn antenna as compared to a 
straight waveguide. ^ ' 



5. What did you' discover a bput ' received power in relation to the 
rece Iving and transmitting 'antenna.d I stances? 



6. What happened to the radiated pattern when the 90 degree twisted 
section was Inserted Into the line?. 
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Job: Microwave Reflection, Refraction and Polarization 

Objective: m 

* * 
The student will: (1) Measure reflection, refract!c>n, and polarization 
of a microwave signal and (2) demonstrate^ objects which cause reflection 
refraction or polarization of microwave signals. 

Job Informat Ion: 

Microwaves travel through. s^ace In much the same manner as light. In 
the R.S.A. on antennas It was found that the radiated energy of a micro- 
r~ wave transmitter could be v focused into a narrow directional beamr. 
This study will show that microwaves can .also be reflected or bent, 
either Intentionally by man or by natural phenomena. Also, microwave 
signals may be polarized, that Is, transmitted in different planes just 
as other elect romagnet I o waves are propagated. 

The shape of the antenna and its orientation usually determine the 
polarization of the microwave signal. The waves are said to b^ In the 
same plane as the electrifc field so when the electric field is in the 
vertical plane-the signal. Is transmitted In the vertical plane, hence 
It is -vertical ly polarized. There may be some shift of the signal 
toward the horizontal plane by the time It reaches' the receiver and 
If the receiving antenna is horizontally polarized It may receive some 
of the transmitted signal. However, this received signal would be 
» a great deal less thSn the s.ignal that would be received by the same 
antenna if it were vertically polarized. 

• • 

Reflections of microwave signals can occur under proper conditions. 

4 Theses reflect ions are used to. advantage where it Is necessary to locate 
the transmitting apparatus near the earth's surface with a passive re- 
flector located upon a tower. By using proper engineering procedures " 
a gain in signal strength can ber attained with the passive reflector. 
Some reflections, of course, are undesirable,. These can* occur Jf an 
obstruction such as a water tank or tall building are encountered by 

* the transmitted signal. The signal then will either miss the receiving 
antehna or arrive at a different* time from the direct signal due to the 
distances traveled. This c£n cause interference similar to "ghosts 11 
seen on your TV receiver. A path over water can become a problem if 
precautions are not taken as reflections can take place easily over 
a lake, large river, etc. 

Refractibn or bending of the microwave beam can and does occur occasiona 
' This can occur over a large expanse of water due to heating and con-' 
vection air currents. Cool air and warm air meeting such as a weather 
\ front can cause an "inversion layer" thus bending the microWave beam. - 
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Sometimes the signal gets trapped in between two such layers and will 
travel along 'the earth's curvature for long distances. Any such 
bending or "refract ion usually is detrimental to the reception of the 
■ transmitted signal. When such phenomena* occur^yegularly a system of 
diversity reception can sometimes be employed. This Consists of mounting 
x multiple receiving antennas to pick up the, refracted signal, Onei' 
•^example of such an installation wou*Td be to mount a dish just*above 
the main receiving antenna to pick up the signal when the signal is bent 
upwards due to an inversion layer/ * ' ^ 

Refraction mayalso occur if the microwave signal travels thrpugh certain 
material. Ceramic, glass, and similar materials placed in the micro-' 
wave path will cause the signal to be bent in a diffd^nt direction 
according~to the index of refraction of the material (the square root^ 
of dielectric constant). A. prism placed in the path may be oriented 
in such a manner as to reflect or refract the microwave signal, t 

In the procedure, measurements will show the reflection and refraction 
effects upon the microwave signals. * 

» 

Tools, Materials, and Equipment: ** s 

1. Microwave training kit 
.2. Hand tools 

3, Wood, plastic, paper, glass, rubber, aluminum, and polarized df£c 
References: 

I. Richard K. Moore, TRAVELING WAVE ENGINEERING, I960 Ed., Gregg/. 
McGraw-Hill Book Co, ^ 

Procedure; 



Connect the equipment as in Fig. 
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Ftg. 1 --Attenuation Measurement Setup 
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Procedure: 'Continued •■ 
. "A % • %• ... ' • 

•;.2.. filne the transmitter for stableqpcll latlons. 
"i. Set -the output for zero dB on the meter. 
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^?.^d'-pplarja|d disc, (Thejignal should' be attenuated or changed due > 
' *i#^;ihe- djffece 




tcejit dielectric constants'.) Also rotate, the polarized 
equipment as shown in 'Fig. 2. 
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Fig. 2— Reflection Measurement Setup ^ 

*. * 
Move the flat reflector plate through the arc of a circle on the 
board and locate the point of maximum reading. 

Record the angle of maximum reading. ' 

Reposition the receiving antenna and again rotate the reflector plate 
Tfqr maximum reading. (The angle that the signal strikes the plate . > 
fehqitld also be the angle of reflection at which the receiyjjig |*anteana ■ 
:1s located.)' , ■ jQg 

fee •>.•.." ■ ' . 
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. \ • ■ 

Fhj. 3~Ref1ectfon Measurements UtSng a Prism' 

* ■* ■ 

10. Move the units apart very slowly (or closer together) until maximum 

signal strength Is attained. 

11. Set the range selector and gain control for zero (0) dB on/the' 
meter. The azimuth and elevation of the receiver should bi checked 

' , for maximum signal at this point. t I 

12. *' Place a prism In the path and turn It until maximum slgnalj Is ob- 

tained. Record angle and level. 

13. Move the receiving antenna around the arc of a circle recording the 
angles of reflection and. the maximum and minimum readings. 

\k. Orient fche prism ang receiving antenna to other positions to obtain 
other angles and readings. (Use a different face on the prism.) 



Job Questions: 



1. What did you discover about the level jln dB) of the'recel^Stf signal 
as different objects were placed In the path? 
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2* What did you discover about the reflected anttle as the reflecting 
plate was rotated through an arc around the transmitting antenna? 



3. What happened to the signal strength when the polarized disc was 
rotated 90°? 



k. What happened to the reflected angle and signal strengths as the' 
prism faces were changed ^and as the angles were changed? 



5. Old you find any point In the experiment where the slgnalseemed 
to be refracted or bent when an object was placed In the microwave 
path?. Should the signal path be straight or bent when an object 
"Is placed In the path? 



in 
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Related Study Assignment No. 9: Smith Chart 

\ 

Objective: * 

ypon. completion of this assignment, the student will know the various 
* .uses* of< the Smith Chart in microwave calculations* 

Introduction: 

The Smith Chart Is a graph or a special electronic slide rule used to 
calculate Impedance, matching, '^swr > and other values as related to trans 
mlssldn line calculations. The chart contains values of resistance, 
conductance; impedance, susceptgnce, admittance, vswr, and reflection 
coefficient. 

The chart was developed by P. H. Smith to simplify the complex calcula- 
tlons associated with transmission lines. The chart is useful not only 
In the microwave region but 'In AM, FM, TV, and other commercial services. 
The Vecoftmentfed texts cover the Smith Chart very thoroughly with expla- 
nations and examples. The student should sof^e enough problems using 
the ISmlth Chart to become proficient In Its use. 

References : 

1: Richard K. Moore, TRAVELING WAVE ENGINEERING, I960 Ed., Gj^gg/ 
M£Graw-Hil1 Book Co. Pages 250—262. 

2. Harol-d E. Ennes, WFM BROADCASTING EQUIPMENT, OPERATIONS, AND 
MAINTENANCE, 1st ed., Howard W. Sams and Co., Inc. Pages 72—75. 

3. George Kennedy, ELECTRONIC COMMUNICATIONS SYSTEMS, 2nd Ed., Gregg/ 
- McGraw-Hill Book Co. Pages 228—239. 

Study Questions: 

R 

V. Where Is the line representing the resistance component — located 
on the Smith Chart? 0 



-JX 

2. Identify the section of the chart that would give Values of -^j- 



3. t List six different things that can be calculated using a Smith Chart. 
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Study Questions: Continue^ 


• 


k. Identify the scale where transmission coefficient would 


be read* , 


* 

5. How many wavelengths are contained In one revolution (one trip 


around the circumference) of the Smith Chart? 




6. How many degrees are contained in one revolution of the 


Smith Chart? 

> 




• 

\ 

* 




^ * 
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Job: Smith Chart Calculations 
Objective: 

The student .will solve for various values by using the Smith Chart. 
Tools, Materials, and Equipment: * 

1 . Smith Chart * \ 

2. Compass 
3* Ruler 

References: 

f 

1 . Richard K. Moore, TRAVELING WAVE ENGINEERING, I960 Ed* , Gregg/ 
McGraw-Hill Book Co. Pages 250—282. 

A: Harold E. Ennes, AM/FM BROADCASTING* 'EQUIPMENT, OPERATIONS, AND 
^ MAINTENANCE, 1st Ed., Howard W. Sams Publishing Co. Pages 11—15* 

Procedure: " 

> • - . > * 

1. Determine ttte Input impedance to a line that is terminated with i 

a resistive load when the characteristic impedance (Ho) of the line 4 " 
Is 48 ohms, the terminating' resistor Is 7!^ ohms (Zr), the wavelength 
is 1 meter, and the line is 1.1 meters long. First, normalize 
the values (this is necessary to use the Smith Chart) by dividing 
'• the terminating resistance, Zr, by the line Impedance, Zo. 
75 o 1.56. (Since the load Is pure resistance, it Is 75 + jq.) 
TO 

2. Draw a circle with a compass on the Smith Chart with a radius that 
extends from 1.0 (the center of thi chart) to K56 on the vswr 
line (horizontal line to the right of center). , ' v 

3. Rota^te twice around the chart (each rotation ■ • S'x ) beginning 

* at « wavelengths (extreme- right hand side of>^hart). Move 

* in the direction towards generator. Since the line is 1.1 wave- 
lengths long, It Is necessary to c6ntlnue to rotate .1 wavelength 
to .35 (.25 + J « -35). , 

4. Draw a line from .35 to the center of the chart. 

5. Read the\resi stance component on the horizontal line extending 
from the center of the chart to the left. The reading will be 
taken at the point where, the circle (drawn in Step 2) crosses the 
resistance line or .65. * 

6. Read the reactive component where the circle intersects the line 
drawn from .35 to the center of the chart or .45 capacitive (-jo. 45) < 
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P rpcedure : Cont I nued 

7* Calculate the sending end Impedance by multiplying the llae im- 
pedance (Zo). 48 (,65 - Jo .45) =31.2- j 21.6 (See Fig. 1) / 

8. Calculate the sending end impedance (Zs) for a load that is purely 
reactive where the load is Zr = 2.2 Zo and tfie line is 1.1 Wave- 
lengths long. First draw a line from the center of the chart to 
2.2 on the outer circle (extend this line on across the outer 
scales). 

9, Read the distance toward the generator or .182^ 
10* Read the angle of reflection coefficient or 49 . 

-11. Rotate around the chart two revolutions (each rotation equals 

.5 wavelengths long) or .182 to .182 to .182 to .282 (.182 + .1 = .282). 

fe. Draw a line from the center of the chart to .282 on the "wavelength 
toward generator 11 scale. 

13: Read the intersection of the line in Step 12 and the outer circle 
of the .chart or 5.05 or Zs '= j 5.05 Zo (see Fig. 2). 

14. Calculate the length of a matching, shorted stub and th£ distance 
that the stub is located from the load when %he line is 50 ohms 
and the load is 40 + j 32. First, normalize the impedance of the 
load by dividing 40 j 32 by 50 ohms. 40 » J32 = .8 + j0.64, 

50 , 

15. Loixate .8 on the resistance line (the horizontal line to the left - 
of centarr on the Smith Chart). 

16. Move uorfard and to the right along the .8 line until the .64 
poi*nt i|s reached (the point where a line drawn from the inductive 
component at .64 would intersect. tne .8 line). 7 

17. Draw aScircle whose radius \t the .B + jO.6.4 point to the center 
of the/ Smith Chart. f m 

18. Draw a llfie from the center of the chart through" the .8 + JO. 64 
f point 'to the outermost scale of the.'chart. r 

19. Draw a line through the point wKere^the circle (drawn ln>Step 17) 
crosses the circle- passing through 1.0 (centfer of the chart). or ^ 

* +J0. 75 above th^ horizontal line passing through the center of the 
chart. Extend this line' to the 6utermos£ scale of the chart. 

20. Read the M wavel engths toward generator' 1 scale where the lines 

• drawn in Steps J7 and 19 intersect 'it or .128 and Vl£2. Subtract 
.152 - .128 - .024.. This js' the distance tha,t the st>ub is located, 
from the load. f 

21. Locate the point that corresponds to -j0.75 capacitiVe reactance. 
Draw a line from tfce center of the chart through the point just 
located (-JO* 75) extending it on to" the outermost circle of the 
chart. (To cancel the +jO*75 reactance.) *^ 

22. Read the value where this line* crosses the "wavelength toward generator 
scalf or ,3975. This is the length* of the matching shorted stub. 

23. 'Check with your instructor to see If additional problems have been 
assigned. 
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1. Where is the line corresponding to vswr located on the Smith Chart? 



2. Where is the section corresponding to inductive susceptance located 
on the Smith Chart? 



r 



\ 



3. Why are values of impedanc.es "normal ized M for use with the Smith 
* Chart? v 



r«4 



2o = 48 
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75+ jO 



IMPEDANCE OR ADMITTANCE COORDINATES 



LINE LENGTH * 1.1 METERS 
Fx =1.0 METER » 




ANSWER: 



(6)CALCULAT: 
2 8 = 48(.65~j0.{5) 

31.2 -J 21.6 



RADIALLY SCALEO PARAMETERS 



I 



■■■■>■.. *....ti:. . t.. . . ? . ...?■ . .. l ^ 4 . y . . . v. .. .? . ■ .f. . ..r . . . .f n f - 

1 . .. .. ,< .7 ■• i» ijiy 
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IMPEDANCE OR ADMITTANCE COORDINATES 



.(2) .t82 




Z 9 = -j5.05Z 0 



RADIALLY . SCALED PARAMETERS 

TOWMO LOAD 



%l . » . ?. . .V. . . V ^' * ' . ' 'i. • • . 5. . . i .. . f . . » . ..y.,„y ,, . ,f . l .. f .. ,,f . M,? , f , L f .. -:? /^ 
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50^ LINE TERMINATED . |MPE0ANCE 0R ADMITTANCE COORDINATES (6) SUBTRACT 
WITH 40+ J 32. MATCHING , 28 
SHORTED STUB = 7 _ 

(I) NORMALIZED ^'+«^*~&- 



40J32 



.152 
-.128 
.024 x 

(DISTANCE OF STUB 
^XFROM LOAD) 




50-r 
LINE 




(9) . 3975 » LENGTH OF STUB IN X. 

RADIALLY SCALEO PARAMETERS 
to»uk> load - 



TOWAHO CCMOurtM 



& I — | .024k 



**. *..*.*.... *....f....f....t.. ..>....* ,v , , . y . f.r ■ , ■ , f . . .. 7 ... .f .. .rf ■ f . ? . y . 
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Related Study Asslgnjnent No. 10: Microwave .Receivers 

Objective; 7 

Upon completion of this assignment the student will: (1) Be acquainted 
with th$ various sections of a typical microwave receiver and (2) be 
required to /pass a written examination with a score of 75% or more. 

Introduction: 

The microwave receiver of today Is very similar to receivers operating 
in the lower frequency bands.- The major differences are: (1) The 
frequencies employed by the local oscillator and I n termed! ate- frequency 
/ amplifiers and (2) t;he shapes and sizes of various components. 

/ * 

The Input signal Is usually fed directly to a balanced mixer for conversion 
to the Intermediate frequency rather than being amplified firstly a 
radio frequency ampl If ler and then being mixed or heterodyned .to the 
< IF frequency, the balanced mixer enables the circuit to cancel any 
noise Input from the loCa] oscillator. Both klystron and solid state 
local oscillators are fed into the balanced mixer type circuit. Fig. 1 
shows a basic, balanced mixer circuit. 



rf in y 



RING HYBRID 



lo in y 




TUNED 


CKT 







OUT 



'Fig. 1— Balanced Mixer Circuit 
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After mixing, the heterodyned signal is usually fed Into an intermediate 
frequency preamplifier. Two popular frequencies, of IF's are 130 MHz 
and 70 MHz ^1 though the frequency may be any value. The preamplifier 
Increases- the signal amplitude and passes it to the IF amplifier. 
Here the signal is raised again and bandwidth Is takerj Into consider- 
atlorf for accurate reproduction of the transmitted sjgnak 

1 Demodulation stages follow'the IF amplifier and some method o.f automatic 

galmcontrol (AGC) Is usually taken from this point to feed back to earlier 
stages to increase or decrease the gain of these amplifiers. Tf)U assures 
a fairly constant output signal even under fluctuating Input signal ' Q 
due to path dhanges. At this same point many units develop an automatic 
frequency control (AFC) voltage to correct the local oscillator frequency 
so as to always .produce the Intermediate frequency under varying signal 
conditions. The demodulated signal itself. is fed on to other amplifiers 
(video, audlo M etc.) to bring the signal amplitude up to the desired 
level./ 

Noise figure Is Important In any receiver. Noise figure is defined as 
fc>llows: In a network (such as an Input circuit to a receiver) when 
an antenna is connected to the Input, the noise figure is the ratio of 
the total slgnaljjffo-noise power ratio at the input terminals to the total 
slxjnal-to-nolse powdr ratio at the output terminals after correcting 
i for the bandwfdth of .the receiver. If it were possible to build a receiver 
that generated no noise within its circuits, noise would be Introduced 
Into the receiver when It Is connected to an antenna. Any signal that 
is present then must compete with the noise Input. Any noise generated 
within the receiver adds to the Input nbi^e and the input signal must 
be yet stronger to overcome the total^nolse. 

To calculate the noise factor of a network the following equation can 
be used: 

Slrt 

Nf « kTB 



S out 
* N out 

where NF * noise factor 

Sin - Signal power input from the source > * 
k = Boltzmann's constant (1.374'x 1(T 2 3) 
T - absolute temperature (degrees Kelvin) 
B 25 noise bandwidth of the network 
S out * power output of the signal 
N out * power output of the noise 

If more than one network Is used (as would be th a typical receiver), 
the noise output Is cumulative and would be equal to the equation: 

NF 1,2 * NF] + NF 2 : 1 
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NF1.2 " combined noise figure of 2 networks 
NF] =» noise figure of network 1 
NF2 = narise figure of network 2 
P-\ = power gain available from network 1. . .. 

•Mnput and output" impedances will change the amount of output signal and 
output noise of a network or receiver. • 

These equations above are given to show how noise and signal are related 
•as to useful output and how the signal input mustbe strong enough at 
the antenna terminals . to overcome thejrinerent noise. If the-calcu a- ; 
tlons for transmission path gains and losses are correct, the signal 
arriving at the receiver will be, more than t the m.^mum requl red to pro 
duce a useable output. Path calculations are covered in another R.S.A. 

Bandwidth Is Import In the receiver plrcu'fts. Bandpass shape is the 
curve showing outpW voKage or power of the amplifiers .n relation 
to frequency as the Input signal pqwerls held constant Phase response 
of an amplifier can become Important In some receivers where transients 
are present. The phase of a signal can be shifted as t passes through 
an amplifier, thus changing the output data. « nstru < tIon %*!X*e 
and adjusting the receiver for bandwidth, bandpass shape, and P na " 
.tuning Tre usually covered In detail in the alignment Instructions of the 
manufacturer's maintenance manual. 



A typical microwave receiver block diagram is shown In Fig 



RF 
IN 



BANDPASS .. 
FILTER 




MIXER a 
PRE AMP 

1 — j; .r^s 




IF • 
AMPS 




t ' * 





LOCAL 




POWER 




OSC 




SUPPLY 




Fig. 2— Mlcrowaye Receiver .Block Diagram 

* * 
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Introduction: Continued 

" ■ 
' -Alarm circuits are usually optional extras to warn the operating per- 
sonnel of a failure or to automatically switch to a standby. unit, 



P. 



..This can minimize or eliminate loss of operating time where "hot standby" 
equipment Is avail ablej^&'swltch Into service. , . 

♦The m^Wf'fe'chnlcian will fl-nd thafc the typical microwave receiver. 
Is not v W;#$ferent from other receivers that have been encountered 
In otherfll&ices. They are designed for ease of maintenance with plenty 
of test points and metered circuits for quick dia^osls and repair. 

References: 

' v 1. George Kennedy, ELECTRONIC ctMMUN I CATIONS 'SYSTEMS, 2nd Ed., Gregg/ 
McGraw-Hill Booje^^^eVd pages 536,-537,. and 550. , - 

Study Questions:- ^:p%^:f?'' N ** 

h What type mixer Is usually employed In a microwave' receiver? Why? 

2. What devices are usually found operating In the. local oscillator 
cl rcult? ' 



3. Define "noise figure." 



r 



V." 



i». Does the noise generated In one stage add .to the noise generated 
In a second stage to produce a total noise signal? 



ERIC, 
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Job: Draw Block Diagram of Microwave Receivers , ft 

,. / 

Objective: ' 

The student will: (l) Draw a block" diagram of a typical microwave 
receiver and (2) Identify the various sections of a microwave receiver 
by writing the names of the blocks In the diagram. 

Job information: ' >• • v 

The student should be/farolllar with the various blocks of a microwave 
receiver block dlagraip.* This will enable one \to> determine signal paths 
, through the receiver and to Identify the functTp^cjrv purpose of each 
section. Review, If necessary, the R«S.A, on microwave receivers. 



Tools, Materials, and Equipment: 



1. Pencil 

2. Paper 



References: 

1. R.S.A. 10 of Microwave 
Procedure: 



llagi^rr^of 



1. Draw a block d I agjfam of a- typical microwave receiver. 

2. Label each block of the above diagram with the appropriate name. 



Job Quest 



1. How .does the block-diagram of the microwave receiver differ from 
the block diagram of a broadcast band received? , s 

i • ■ ■ 

2. What stage Is missing from the blodk diagram that Is typically found 
In other superheterodyne receivers? ^ 
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Related Study Assignment No. 11: Microwave Transmission Path Calculations 
' Objective: 

Upon completion of "this assignment, the student will: (l) Be acquainted 
with microwave transmission phenomena In relation to the 1 ine of sight ^ 
propagation, (2) learn how to calculate several values that must be 
ascertained when Installing or modifying microwave transmitting and ) 
receiving apparatus, and (3) be required to pass a written examination J 
with a score of 75% or more. *• 

Introduction: 

Microwave energy is transmitted or received in a narrow beam comparable 
to the beam of a spotlight or flashlight. The energy from the transmitter 
is focused \nto this narrow beam for several reasons. The two primary 
reasons are to increase the distance that the signal may be transmitted 
by concentrating all the energy In one direction and to prevent radiation 
in a direct! on 'that would not be useful to the broadcaster or that would 
c interfere wfth other services on the same frequency if "scatter 11 were 
permitted. 

' Under actual operating conditions, the microwave beam does not travel 
in just a sfnglB path but takes an Infinite number ,of paths and is in- 
fluenced. by weather, atmosphere, terrain, and man-made obstructions. 
It may- experience refract Ions in any direction. These factors may cause 
intermittent fading, poor reception, or a Joss of the signal entirely. 

To assure that the system provides "the greatest possible reliability, 
the technician must provide the bes€ possible installation of pll appara- 
tus and maintain the*equipment at optimum operating levels. 

Since the signal may arrive at the receiver from several different 
paths, a system of 'numbering these paths has been devi sed and the paths 
are called Fresnel zones . The first Fresnel zone is the straight line 
path between the transmitting and receiving antenna* There are a great 
many other Fresnel zones, Accordjng to the numbering system, all even 
numbered zones are related to the first zone' on a half-wave basis and 
arePl80° out of phase and, tend, to have a canceling effect. All odd % 
numbered zones are related on a fuU-wave basis to zone 1 and are phase 
additive. The most desirable signal then Is contained In the first 
zone. If at all possible then, the first zone should provide the T< 
best path while eliminating or severely limiting all other zones. 

♦ * 
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Introduction: Continued 

The fj/rst zone must be In a path that is free of all obstructions 
iSCIf^s bul Idings,- trees, or even the earth Itself. A clearance of 
about rfc times the radius (of the circle that makes up the first zone) 
Is a standard value when calculating the path. If it is assumed that 
a large obstruction Is In the path and the first zone radius needs to 
be known at the point of obstruction, it can be calculated using 



/ 



r = 72 fx 



where r = Yadfus of the zone In feet 

x c distance fronftransml tting antenna to the obstruction In miles 
y = distance from the obstruction to the receiving antenna in miles 
1 - length of the entire path in miles 
f = frequency In GHz A 

Since microwave frequencies are line of sight signals and the earth 
Is curved, It becomes apparent that the signal will encounter the earth 
at some distance away from the transmitter. The best method to overcome 
this obstacle (assuming, that the path must extend beyond the horizon) 
Is to increase the antenna or pass I vfe 'reflector height above the earth. 
The transmitting or receiving antenna (or both) can be elevated to provide 
an unobstructed transmission path. The distance to the horizon may 
be calculated using the equation; 



' d - 1.23 nr 

where d » distance to the horizon in miles and 

h = the transmitting antenna height in feet. 

tfKthe receiver antenna Is also elevated, the distance to the fcorlzon is^ 

d « 1.23 ( fhr + Chr) 

* * 

where ht « the transmitting antenna hieight and 

hr « the receiving antenna height. ^ 

If the earth has an irregular contour oVer the path, these irregularities 
must be taken Ifito account. It becomes apparent that some type of „ 
plot* Is needed showing the path, elevation? of transmitting and receiving 
antennas, earth curvature^ and obstructions in the path.. Several aids r 
are available to help in plotting the Rath. 

One aid that Is readily available to* use in determining" elevations 
Is a topographic map of the area. A map will cover a specific area 
and several may beneeded If the path Is long. These maps are available 
from theyJntted States Geological Survey In Washington for, areas east 
of the Mississippi River or In Denver, Colorado for areas west of the 
Mississippi. Information coritained on these maps is elevations of land 
areas above sea level, obstructions such as towers, .timbered areas, 
and other Important major obstructions* < _ 
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Another way of determining elevations and obstructions Is the use of 
conventional surveying methods although these are rather time consumln^(_ 
and costly. 

Accurate .altimeters, either hand held or mounted In aircraft, may be 
used. 



r 



One other very Important factor to consider In path calculations Is 
fade margin . If the system Is to provide round-the-clock communications 
it must be able to produce a quality signal even In adverse weather 
conditions. 'For 10Q% reliability In a 2k hour period the? system must ^ 
deliver. to the receiver a usuable signal for 86,400 seconds (60 seconds 
times 60 minutes times 2\ hours) . For' 99* reliability the signal could 
be inferior or nonexistent for a period of ,14 minutes a day. Obviously> 
this \i unsatisfactory so the system,roust be designed with a higher 
percentage of reliability In mind* y% 

If the £ath values are calculated for the "minimum signal strength 

to operate the receiver, there will be no fade margin. Most systems 

have reserve gain incorporated into the equipment by Increasing transmitter 

power, using a higher gain antenna, adding a receiver preamplifier, 

or Install F*g relay .stations between the originating and terminating 

points. 

The factor^ to' consider when determining path values are transmission 
line losses (transmitting and receiving), signal loss In fre.e space, 
antenna gain (transmitter and receiver), and transmitter power output. 
Other considerations are signal-to-noise ratio, carrler-to-noise ratio, 
and miscellaneous losses. \ ■ 

■ ' • * 

Slgnal-to-nolse ratio of a microwave system depends on antenna gains, 
path attenuation, and equipment design. Antenna gains* are determined 
by the operating frequency, antfnfia efficiency, and antenna size: Path . 
attenuation is affected by operatftt^cequency and the length of the path* 
Design consideration* In the eqyfpmen$ are thermal noise In the recejver,^ 
deviation (in an FM system), and * : potf£r output of the transmitter. 

* v • 

Carrler-to-nolse ratio In an FM microwave system depends on the receiver 
noise characteristics and the amount of signal received. The receiver 
noise figure can be obtained from the equipment specifications supplied 
by the manufacturer and the received signal can be calculated-using the _ 
equation^ 

' C/N » Tp + Gt + PI + Gr - Nr * 

where C/N * the carrler-to-nols^ ratio 

Tp - the transmitter power In declb.els referenced to one milliwatt 
(dBm) 

Gt ■ the transmitting antenna gain In dB 
PI - the path loss In dB 
Gr « the receiving antenna gain In dB and 
" Mr « the receiver noise figure In dBm. 
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Introduction: Continued 

Example: 

Assume the following values 

Transmitted output +23 dBm 

Gt (parabola gain) . +40 dB, 

PI (x miles at fx) 1 -138 dB , 

Gr (parabola gain) * +38 . 3 dB - 

Received signal ""36.7 dBm 

Receiver noise figure - . -(-83* 0 dBm 

Carrier to noise * • " 46 • 4 dB 

The microwave signal suffers loss (as does any other radio wave) as 

it passes through space. The path attenuation (loss In dB) Is calculated 

using the equation: • 

< * PI » 36.6 + 20.Logio FMHz + 20 Logjo D miles 

where Pi = path loss in dB . - 
FMHz =* carrier frequency in megahertz 
D miles 53 distance of the path 

36.6 = a constant * 

Example: (using assumed values) 

PI * 36.6 + 20 Log 10 6o °0 MH * + 20 Logio"30 miles ^ 
36.6 + 20 (3-7781) + 20 (1-4772) 
36.6 + 75-56 + 29.5* 
PI m 141.7 dB * 

> 

This equation comes 4rom a comparison of two isotropic antennas where 
one .antenna Is located at each end of the transmission patfr. The . 
free space loss is the amount of signal that does not arrive at the re- . 
* 'ceivlng antenna after being radiated, by the transmitting antenna. Since 
. energy radiated by an isotropic antenna Is propagated equajly in all 
% ' directions, the total energy radiated Is related to the area of a 
, sphere or> X2/W, the area of the isotropic, antenna. (Anisotropic 
antenna is defined as a hypothetical antenna radiating or receiving 
equally weil In all directions and is> sometimes referred to as a unlpole 
As used with electromagnetic waves, unl poles do not exist physically 
but represent convenient reference antennas for expressing directive 
properties of/ actual antennas. 

The path loss between two isotropic antennas may be expressed as the 
ratio of power? rad iated to power received or 

> ££. ' 
pi ■ 

Pr 

radiated power and • - - . 

power received' 
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where r » the radius of a sphere and 

X2 » the area of an Isotropic antenna. 

The area of the sphere Is- r z kir . See Fig. 1.. 
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NOTE: 

r and x must be in the . same 
measurement units such as inches , 
^ meters, etc* ^ 




TRANSMITTED POWER 
Aeea of the sphere * 4irr* 



RECEIVED' POWER 



x*X 

Area of Isotropic radiator = ^4tt 
(x= wavelength) 



Fig. 1--Ratio of Power Transmit ed> to Power Received 

Antenna gain of a parabola (or other aperture-type antenna that is 
circular in shape) may be found using 

where E =. efficiency 

D = diameter , 
A = wavelength 

Example: (using assumed values) 

/rrl82.7)2 \ 
G - .51 5—/ y 



E = 50* 

D = 182.7 cm (6 ft) 



.5 



3.1^3.x 182.7 2 



X= 3 cm 



7^t 10 GHz) 



= .5 x 36567 

'« 18283 .(or In dE I = 1Q Log 1Q|^ 8 3 * *2.6 dB) . 



2 
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Charts on various sizes of parabolic reflectors and their gains at 
different frequencies are found In any good commun t cat tons textbook • 
and these should be referred to when needed, 

Signal-to-noise ratio of an FM microwave installation can be calculated 
using the equation: 

BWif ,N_ r5~ E dev 

^ S/N (In dB) = C/Nj (in dB) + 10 Log^-^r"* 20 Lo^ 10 p — 

~"~7 Where * 

A S/tf (in dB) = signal to no#se volfage ratio in dB 
C/Ni(ln dB) = carrier to noise J*i dB 
BWif ' = intermediate frequency bandwidth in MHz 

F » highest modulating frequency 

Fd » highest microwave frequency deviation in MHz 

S * ~ signal in RMS volts 

N - noise in RMS volts - 

, C - carrier in RMS volts 

Ni = IF noise in RMS volts 

For the power ratio, Jus^square S/N or (S/N) 2 - (C/N) 2 x ~I xjx^ 

Receiver noise (Nr) power is calculated using the equation: ^ • . 

* *»• - « Nr = Nf KTB , • 

\ ' s • 
where Nf ■ receiver noise figure • _„ ; 

K = Bol'tzmann Constant (1.37 1 * x 10 ') 
T - temperature In, degrees Kelvin 
B = bandwidth in hertz. 

• ' Miscellaneous- losses are .found" in isolators, skin effect lossei in 
waveguides, -misalignment of antennas and/or -reflectors, accumulation 
of foreign matteV on antennas, and polarization errors. > 

The net path loss then is composed of the free space loss plug all other 
losses minus the antenna gains or PLnet - 0L + ML - AG where PL « the 
free space loss, ML - misc. loss, and.AG = gain of all antennas and 
reflectors. The receiver . input signal then is Rln * Tout - p «-" e J ; 
(RIn - Receiver power In, Tout - transmitter output In dBw, and PLnet 
is the net path loss). 

V An actual" plot of the .path should be placed on graph paper, either the, 
kind" designed for this purpose or ordinary 10 square paper that has 
Seen corrected to a .4/3 ratio to. compensate for the earth's curvature. 

, A Sfceet of this paper Is supplied with the Job associated with this R.S.A. 
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Introduction: Continued 

^Th^e the earth Is rarely a smooth curve but Is made up of hills and 
valleys, small rises or depressions, etc., contour must be taken. Into 
account* Assuming a path of 25 miles and a rather high hill at a distance 
from the transmitter of 10 miles a calculation for correction Is necessary. 
Using the equation h * i xy gives a value of i (10) (15) ■ £ (150 )^ 75ft 
(h * bulge of the earth with a hill at distance >$(y = path minus x) 
Next, solve ftir the radius of ^he f Irst .Fresnel zone using the equation 
q i ven eariter/r 53 72Vxy = n v /(10)(15) 
/ It (25) (7) 

72 ~\/75a - 72 (.#6) = 66.65 ft. 

ITS' 7 . ' 

Minimum clearance Is ..6 times 66.65 ft and equals kO ft. When the mini- 
mum clearance Is added to H (75ft) the antennas must be mounted at a 
height of 115 ft. Any other obstructions iji the path would also require 
additional elevation of the antennas or reflectors. 

.An evaluation of an assumed path using tH£ following values will give 
an' overview of the calculations that a^e necessary. 

Assume: Transmitter power * 4 watts (6 dBw) / 
' Waveguide loss = 1 dB per 100 ft. 

Waveguide length « 150 ft. per run (2 runs) 

6 ft. parabola @ 5Q*. efficiency (42,5 dB) 2 dishes 

Path length « 25 mfles 

+ . Frequency = 7- GHz V 

# 6 Fresnel zone clearance 

Free space path loss * 141.5 dB 

V 

(6 dBw is a 6 dB Increase over a 1 watt reference -3 dB would be a power 
gain of 2x, another 3 dB would be 2x, henc^2 x 1 watt = 2W and 2 x 2W,= 
4W of' 6 dBw) • 1 1 

PLnet « PL - (antenna ttalns - waveguide loss) 
= 141.5 -"(85 - S) 

• « 141.5 -,^2 ' 
« 59.5 dB 

Received Input power Is Pr - Pt - P^net 
Pr - 6 dBw - 59 ■ r53 dB 

and (at 50 ohms Input Impedance) * 
Receiver voltage In » Inverse Log db_ x 7.07 

* . „ 20 

RCVR In ■- Inv log 2ix 7-07 » .0022 x 7.07 - .015827 volts or 15,827 
' microvolts 20 f 

where RCVR In, « In volts relatedlto dB at 1 watt and * 

7.07 • « the RMS voltage [across a 50 ohm load at I watt. 
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The equipment to be Installed or maintained will .dictate the amount 
of power output' from the transmitter and^the required signal Input for 
the receiver. These values will dictate the antenna gains necessary 
to overcome all losses associated with the system. If the technician . 
understands the path losses and how to solve problems associated with 
these looses, the result will be a more reliable communications system.* 

< * 

References: 

1. Harold E. Ennes, AM/FM BROADCASTING EQUIPMENT, OPERATIONS AND MAIN- 
TENANCE, 1st Ed-., Howard W. Sams Publ ishing Co. Read pages 3M--355 

2. John D. Kraus, ANTENNAS, 1950 Ed., Gregg-McGraw-Hill BooloCo. 

3. Richard K. Moore,* TRAVELING-WAVE ENGINEERING, I960 Ed., Gregg/ 
McGraw-Hill Book Co. j 

k. George Kennedy, ELECTRONIC COMMUNICATIONS SYSTEMS, 2nd Ed., Gregg/ 
McGraw-Hill Book Co. Read pages 536, 537, and 550. 

Study Questions? 

1. What are Fresnel zo.nes? „ 



2* What Is the mlnfmuft, 'clearance for the first Fresnel zone when cal« 
culatlng the path? ' 



3. What aid for path plotting Is readily available from the U.S, 
Geological Survey office? 



f 



k. The system should have a reliability of better than wh^t percentage 
(fade margin)?^ 



5. What factors must be •considered when determining path calculations? 



6. What Is an Isotropic antenna? 



7. Niame four los&es (other than free space loss) that are found In 
nilcrowave systems. 
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Job: Microwave Path Calculations 
Objective: 

The student will calculate a typical microwave path using the Information 
suppl led* 

Tools, Materials, and Equipment: 

1. Pencil 

2. Paper ? 
. 3. Ruler 

k. Microwave profile chart 

References : 

1. Harold E. Erines, AM/FM BROADCAST I NG^QJJ I PMENT, OPERATION^, AND 
MAINTENANCE, 1st Ed., Howard W. Sams Publ 1 shlng Co. Read pages 

, 3^— 355. f 

2. R.S.A. 11 of Microwave. 




Procedure: t < 

1. Calculate the first. Fresnel zone.radlus for a path of 32 miles 
where the transmitting antenna Is located at a helght--of 200 ft., 
the receiving antenna Is at 500 feet, the frequency Is 7 GHz, * 
the distance from the transmitting antenna to a certain obstruction 
122 ft. high at 17 miles and the distance from the obstruction , 
to the receiving antenna Is 15 miles. Transmitter power lis 2 watts. 

2. Calculate the clearance needed for the ffrst Fresnel .zbne In the 
problem' In Step 1 . 

.3. Calculate the distance to the horizon In tha above problem. 

k. Calculate the path loss In dB for Step 1. 

5. Calculate the antenna f ga In of a parabolic reflector with a diameter 
of ,8 ft. and an efficiency of 62* operating at 7 GHz.v 

6. Calculate the receiver Input power in dB. V V 

7. Calculate the receiver input voltage (assumed ohm input -impedance 
' . ^and no transmission line losses). -\ ™ / 

Job Questions: . 

1. Why must the height of a hill or talV building be taken into account 
when calculating a microwave path? 
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Job Questions: Continued 

2, What consideration would be necessary If the transmitting and receiving 
antennas were mounted pn towers whose bases were not at the same 
distance above sea level? 



V 



3. Why Is the microwave path calculated to eliminate all the Fresnel 
zones except the first one? 



k. Why Is reliability (operating time percentage) Important as related 
to the microwave system? 



. 4 
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Related Study Assignment No. 12i 
Objective; 



Multiplex 



\ 



Upon completion of this assignment, the 'student will become familiar , 
wjth the various equipment that comprises a multiplex system for tfans* 
mission of data on a microwave system. \ , ' 

• I 



Introduction: 



DATA 
OUT 



Multiplexing {cdmmonly abbreviated MUX) fs. the method or system Used 

to transmit and receive 2 or .more signals while using only one transmitter 

carrier wave as-a mediurtu ' 

Various systems are In use today and It would be Impossible to cover 
Svery manufacturer's equipment so only ? typical system will be dls- ^ 
cussed In this R.S.A. ' > 

\\n overall block diagram of* a, multiplex system Is shown In Fig. 1. 
A system can be buflt to Include more^and more data channels- by "pyra- 
miding" or adding additional unjts. * 



OPTIONAL 



Chi 4-8Khz 



Ch2 8-12 - 
Ch3 12-16 - 
Ch4 16-20 
Ch S 20-24 
Ch 6 24*28 
Ch 7 26-32 
Ch 8 32-36 
Ch 9 36-40 



Ch 10 40-44 Khi 



REC. 



AMP 



TRANSMIT 



- Ch I 



L AMP 



OPTIONAL n 



SAME. 
AS 

RECEIVER 



L Ch 10 



XMT MUX 



DATA 
IN 



REG/ MUX 
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Fig, 1— Basic MUX System' 
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Major units of the system are modulators, crystal oscl 1 lators, ^channel 
amplifiers, group amplifiers, demodulators, and power supply. (Here 
agafrv/a manufacturer may cal l one of the components by .another name.) 

If the system Is to carry voice Messages it will be divided Into channels 
that are k kHz wide (since only about 3 kHz Is needed to produce ade- 
quate voice communlcat tons)\ Normally, a channel ampl If ler wl 1 1 contain 
approximately 10 Individual channels beginning at 4 kHz and going' up 
to kk kHz with an optional channel from 0 to k kHz. These,. chanQe'l s 
are numbered 1 through 10 with the optional channel referred to as ser- 
vice channel, etc* An amplifier that will pass all the frequencies 
* contained 'tn the ten channels follows the channel amplifier output. * 

If an additional ten voice channels are needed, a second channel ampTlfle 
.^Identical to the first Is added with Its output fed to the same type 
broadband amplifier. At this point It Is necessary to heterodyne the 

• output of the broadband amplifier to frequencies other than k to kk kHz 
so a group modulator (or oscillator, etc.) Is added (usually In the 
range of 52—92 kHz). This output will use SSB transmission aqd will 
use either upper or lowef sidebands of each channel. A third set of 
vofce channels may be added using k — kk kHz channel amplifiers as in 
th6 first two sets. This set Qf channels would then use the opposite 

^sideband of the one used In ' set number .two. 

^Slncfe the voice channels are each k kHz wide there must be some filters 
located within the circuit to minimize cross talk between* channels. 
° These filters would, need to be designed to have very sharp leading and. 
trailing edges on their response curves. Some manufacturers use crystal 
filters which are quite expensive but very effective. Filters are used 
extensively throughout the entire frequency range of the multiplex sys- 
tem ?nd will appear in the blpck and schematic diagrams of the various 

brands on the market today. 

. . 

MUtfarenot 1 imlted to use wljth jnlcrowave relay systems but are used 
extensively by telephone companies, industry, and governmental agencies. 
They are fed Into telephone wire circuits (in several cbnf Iguratlons) , 
VHP, UHF, or microwave radio blrcults. The communications student who 
goes into the field of servicing apparatus used to exchange Infonjiatlon 
will sooner or later encounter a multiplex operation.. 

Study the block diagram taking special note of the frequencies used 
as Input and output to each block. This 'is, of course, only one 
of the systems that are In use today but represents the basic Idea of 
multiplex transmlsslon>systems. - \ 



References: 



1. , George Kennedy, ELECTRONIC COMMUNICATIONS SYSTEMS, 2nd Ed,, Gregg/ 
McGraw-HM 1 Book Co. Read pages 109~ : 110, 526—532, and 593-^59^ 
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h 

V 



V 



PATA 
LINES 



Ch 1-10 



4-44 Khz 



Ch 11-20 " 



4-44 LSB* 



Ch 21-30 



4-44 USB* 



DATA 
LINES 



DATA 
LINES 



Ch 


41 


-50 




Ch 


51 


-60 



Ch 61-70 



Ch 71-80 



GROUP 
MOD 



GROUP 
MOD 



52-9ZKhz 



100*140 Khz 



* 3I " 4 ° I - ^DUPLICATE 



4-140 Khz 



OF 
Ch 1-30 



Ch 81-90 I— 



T f )UPUCATE 

~< OF 

\ ^Chl-30 




LSB - LOWER SIDEBAND 
U SB - UPPER SIDEBAND 



4-140 



SUPER 
GROUP 
MOD 



152-288 Khz 0 



4-140 



SUPER 
GROUP- 
MOD 



296-432 Khz 



INPUT OR * 
OUTPUT 
4-432 Khz i 



Fig. 2— A 90. Channel MUX h 
(without filters being shown) 
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TEST SHE^T 
Introduction to Microwaves 



Name: Date: (Irade: 



DIRECTIONS: In the blank sfcace ijefore each statement, write the letter 
corresponding with the correct ansV/er. 

1. Most microwave equipment operates in the range of 



A. 1 kMHz to 50 GHz * 

B. 1 GHz to 50 GHz 

C. 1090 MHz to 50 GHz 
1). A and B above 

E. A, B, and C a^ove 

2. Modern day usage of microwaves does not include 

A. point-to-point data transmission, 

B. frequencies up to 100,000 GHz, 

C. special transmission 1 ines. 

D. parabolic antennas. 

E. omnidirectional antennas, 

3. A microwave frequency of 5.88 GHz has a wavelength of 

A. .5 meter, , 

B. ,05 meter.' 

C. 50 cm, % 

D. 1.75 inches. ' 

E. .159 inch. 

k. One characteristic of microwave circuits Is - — — 

A. all vacuum tube construction. 

B. all solid state construction. t 

C . c r 1 1 1 ca 1 compon e n t *p 1 a cemen t . 

D. standard electronic components are always used. 

E. none of the above. 

5. A parabolic antenna is > 

a special circular polarized antenna, 

a special ceil linear array. 

6 special unidirectional antenna, 

a special multidirectional antenna, 

a special slot antenna. 
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> 6. Microwaves are used to cook food by 

A. -x-ray radiation. 

B* rapid reversal of current flow. 

C. heating from anode heat sinks. 

D. narrow beams focused on containers. 

E. molecular structure change. \ 

7. Transmission of , mlcrowayes can be 

*■» 

A. on regular transmission lines. 

B. along the surface of conductors. 

C. along special hollow pipes. 

D. B and C above. 

E. A, Bj'Sand C above. 

8. One speclajl precaution to observe while working around microwave 
~ equipment Is * 

A. wear protective clothing. 

B. never touch active transmission lines. 

C. adjust only with insulated tuning tools. 

D. never look Into open waveguides. , j 

E. all of the above. 

9 # Voltages and currents In microwave transmission lines 

A. v ^are*>ropagat6d as in all other transmission lines. 

B. are of a secondary consideration, 

C. ^are always at right angles to the wavegujde large dimension. 

D. require silver plated lines. 

E. propagate only where air Is the dielectric. 

10. Twice the wavelength of the dominant mode of a rectangular wave- 
guide Is known as the , 

A. operating frequency. 

B. * .guide wavelength. 

C. cutoff frequency. 

D. traverse frequency. 

E. Resonant frequency. 



l.fO v 

o 
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TEST SHEET 



Microwave Systems 



Name: 



Date: 



Grade: 



DIRECTIONS: In the blank space before each statement, write the letter 

corresponding with the correct answer, 
v 

1, Deemphasis Is employed primarily in the 

A, modulator, 

B. oscillator, 
C'. receiver* 

D. baseband amplifier. 
E • wavegujde • 

2. Aiweatherproof covering for a microwave antenna As called a 



A. 
B. 
C. 
D. 
E, 



weatherhead* 
parabola, 
buttonhook, 
r a dome, 
di ffuj|er. 



ERLC 




3. Mplsture accumulation In waveguides can be prevented by 

A. pressurized lines. \ 

B. weatherproof antennas. 

C. , loqg horizontal runs, 

D. sealing klystron cavities. 

E. none of the above. 

k. The number of channels a baseband will accept Is determined by 

A. the carrier frequency. 

B. the data levels* 

C. the wavelength In centimeters. 
- 1 D. the preemphasts network. 

E. . the Isolator frequency. 

5» Typical gain of a parabolic antenna may be 

A. 20,000 to 40,000 dB. / 

**B. 2,000 to AO,O00 dB. 

C. 2,000 to 40,000. 

D. 20,000 to 40,000 

E. 20,000 to 400,'000. 
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6. Discontinuities between the dtsh and the waveguide ai*e corrected by 

A. using shock mounts on the dish. 

B. using flexible waveguides. 

C. using shock mounts on the transmission line. 

D. tightening bolts properly. 
/ E. none of the above. 

7/. One microwave oscillator that contains'several tuned cavities is the 

A. magnetron. ^ 

B. back wave oscillator. 

C. traveling wave tjlibe. 

D. reflex klystron. 

E. tunnel diode. 

8. A dent in a waveguide / 



incr eases ~$mr. " 

B. increases power losses* 

C. ^does not ^hange propagation characteristics. 

D. A and B abovd* 

E. none of the above, j 

/ 

9. Microwave transmitters are usually 

A. amp 1 Ltude modulated » 

B. frequency modulated. 

G. pulsed. . . 

D. operated AO (A zero). 

E. operated FO (F zero). 

\ 

.10. Whirls not a true diode? 



A. impact avalanche diode 

B. hot-carrier diode 

C. PIN diode 

D/ step recovery diode 

E. Gunn diode 
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TEST SHEET 
Microwave Oscillators 



Name: 



Date : Grade : 



DIRECTIONS: -In the blank^space before each statement, write the letter 
corresponding with the correct answer* 



1 . A reflex klystron 

A. is tuned mechanically. 

B. is usual ly ampl itudfe modulated. 

C. ^contains no grid. 

D. produces relatively high power output. 

E. has electrical and mechanical adjustmdht^ 



2. A magnetron 



A- -has a high average power output.^ 

B. has a high positive anode potential. 

C. is used primarily* in microwave relay systems. 

D. has a highly negative cathode and grounded anode. 

E. A and- B^ above. 

3. A hel ix is 

x A. a coil external of the TWT. <^ 

B. an internal coil of the TWT. 

C. at a high negative potential. 
E. {he cavity portion of the TWT. 

E. a lossy coll surrounding the anode . 

k. A BWO 

A. has a two-wire helix and unbalanced output. 

B. has a tunable cavity. 

C. is voltage tunable. 

d! uses a lossy attenuator. 
E. has low efficiency. 

5. A varactor 

A. is a good cavity oscillator. 

B. 55 tuned using a metal screw, 

C. is a good frequency multiplier. 

D. has a lineal voltage drop across it. 

E. A and B &bove. 
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TEST SHEET: Cpntfnued 
" 6. PIN, diodes are useful as 

A. microwave detectors. *S 

B. modulators* 

C. waveguide switches 

D. A, B,»and G above. 

E. B and C above. 

7. Gunn diodes 

A. have lower power output than ISA diodes. 

B. are not true microwave oscillators. 

C. are unable to withstand peak powers. ^ i 

D. contain two junctions Instead of one. 

E. have relatively high power output at 50 GHz. 

8. A ferrtte Isolator Is used as 

A. a waveguide Insulatoi^. 

B. " a wavegu Ida switch. v 1 

C. parallel fSsonant circuit to pass energy along a waveguide. 

D. * a wave trap. 

E'. a waveguide mixer. 

9. A YIG resonator can be used as 

A. a special cavity resonator. 

B. a waveguide tuning device. ^ % 

C. a tunable band-pass fitter. * 

D. a frequency measuring Indicator. f 

E. a waveguide dummy load. x 

A circulator ts a 

A. type of directional coupler. 

B. special oscll lator-mlxer. 

C. \jtype of oscillator feedback circuit. 

D. vswr Indicator. 

E. a waveguide rotating joint. 
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Name: " Date:__ Grade: 



DIRECTIONS: In the blank space before each statement, write the letter 
corresponding with the correct answer. 

1. Klystrons are usually 



i 



A. 'frequency modulated. 1 

B. amplitude modulated. 

C. 'double sideband supressed carrier modulated. 

D. single sideband supressed carrier modulated. 

E. vestlgal sideband modulated. 

2. Input data to the modulator Is supplied by the 

A. - differential amplifier. 

B. multiplex amplifier. 

C. baseband amplifier. / 

D. ci rculator. 

E. dupleker. 

3* Bandwldths encountered In microwave systems may be 

A. 5 kHz or less. 

B. 50 kHz to kO MHz. 

C. 5 kHz to 50 kHz. 

D. 5 kHz to kO kHz. 

E. 50 kHz or less. 

If. Modulating voltages are usually Impressed upon the klystron 

A. cavity. 

B. control grid. 

C. cavity grid. 

D. repel ler. 

E. anode. 

5. 4 The bandwidth of a television video signal Is 

A. 4.5 kHz. 

B. 6.8 kHz. 

C. 6.8 MHz. 

D. k.S MHz. 

E. 7.6 MHz. 
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6- Modulation In a transistor microwave osci 1 lator circuit 
. " appl fed to the - r- 

A, .baseband amplifier voltage, 

B, driver amplifier voltage. 

C, output amplifier voltage. 

D, AFC amplifier voltage. 

E, transistor bias voltage. 

7 # A microwave transmitter may be modulated using 

A, ^ampl itude modulation, 

B, frequency modulation, 

C, phase modulation, 

D, B and C above, 

E, A, B, and C above, 

8, A station that is licensed as 50F3 , operates with 

A, 50 kilowatts frequency modulated, 

B, 50 watts frequency modulated, 

C, 50 Hz bandwidth frequency modulated, 

D, 50 kHz bandwidth frequency modulated. 

E, none of the above, 

9, The bandwidth is< usually determihed by the 

A, baseband amplifier, 

B, transmitter oscillator, 

C, preemphasis network, 

D, transistor bias network. 

E, reflex klystron cavity frequency, 

10, Input levels to the modulator are adjusted by using a ^ 

A, variable pad in the multiplex system. 

B, variable pad in the klystron circuit. 

C, variable pad in the baseband amplifier, 

D, variable pad in the -transmitter oscillator, 

E, variable pad in the bias network. 
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DIREpTIONS: In the blank space before each statement, write the letter 
corresponding with ffie correct answer. 
« 

1 . A waveguide 

A. is a good low frequency transmission line. 

B. is made from an infinite number of half-wave shorted stubs. 

C. has a high dielectric loss. 

D. is simpler to construct than coaxial cable* 

E. propagates~enargy at the speed of light. . , 

2. Cutoff frequency or a waveguide is ^ 

A. determined by its narrow dimension. 

B. determined by the size of the cavity resonator. 
£. determined by the half-wave length dimension. 
*D. ' determined by the dielectric constant. 

E. determined by the length, of the line.^ 

3. A line formed into a loop in a waveguide magnetic field Is called 

A. a mode. ***fv 

B. a stress. 

C. an E, 1 ine. 

D. an H 1 ine. 

E. a boundary condition. ^ 

l\. The magnetic field In a waveguide 

A. is maximum near the edge of the guide. 

iB. is maximum near the center of the guide. 

C. is perpendicular to the surface of the guide. 

D. can exist alone in a guide. 

E. reverses at quarter-wave intervals. 

5. E lines are 

A. lines of electrostatic stress ' 

B. tangent to the walls of guide. 

C. perpendicular to the walls of the guide. 

D. A and B above. 

E. A and C above. 
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JEST SHEET: continued 

6, A TE 0,1 mode In a' rectangular waveguide contains 

A. a zero change 'across the vftde dimension. 

B. a zero change across the rtirrow dimension. 

C. two maximums counted around the perimeter. 

D. a zero at each side with a maximum in the center across the 
narrow dimension. 

E. a maximum at top and bottomland a zero in the center across 
the side dimension. 

7. Group velocity is 



A. the axijp— velfici ty of a wavefront. 

B. the amount of phase change per unit length. 

C. at thja^speed of light. 

D. greater than the speed of light. 

E. the Hi agonal velocity of a wavefront. 

8. The angle (^incidence In a waveguide 

A. increases wf tnfrequency . 

B. decreases with frequency. 

C. does not change with frequency. 

D. can never reach 90 degrees. 

E. none of the above. 

9. A waveguide whose dlmenStfons are 1.4 cm by 2.8 cm will not propagate 
a signal of 1 

A. 21 .43 6Hz. 

B. 10.715 GHz 

C. 1.3 cm. 

D. " 2.7 'cm. 

E. 5-5 cm. . 

' io. Crossing angle of a wavefront in a guide Is 

A. a function of wavelength and dominant mode. 

B. a function of frequency and wavelength alone. 

C. a function of dominant mode alone. ■ 

D. a function of wavelength and cross sectional dimension. 

E. a function of cross sectional dimension alone. 
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. ; . j 

DIRECTIONS: In the blank space before e§ch statement, write the letter 
corresponding with the correct answer. 

1. Th6 amount of excitation to a waveguide when using a probe may 

be control led by 

A* a potentiometer. 

B. a* rheostat. 

C. shielding. 

D. a loop of wl re. y 

E. none "of the above. . 

^ 2. A horn antenna 

A. matches line Impecance to space 

B. Is directional . 

C. minimizes reflections. 

D. A and B above. 

E. A, B, and C above. 

3. The radius of a bend In a waveguide section Is 

A. one-qu&rter wavelength or less. 

B. one-half wavelength or more. 

C. one wavelength long or less. 

D. two wavelengths or more. 

E. one wavelength or more; 

k. A 90 degree bend usually consists of two ^5 degree bends located 



A. one-quarter wavelength apart. 

B* one-half wavelength apart. 

C. one^ wavelength apart. 

D. two wavelengths apart. 

E. more than two wavelengths apart. 

5. A waveguide choke joint Is a 

A. tapfered section on the narrow dimension/ 

B. waveguide section with internal rf chokes. 

C. a low loss connection. 

section utilizing a quarter-wave short circuit. 
E. C and D above. 
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6. The Impedance of a rectangular waveguide is 

- — - ¥ 

A. directly proportional to the narrow dimension . 

B. * inversely proportional to the narrow dimension. 

C. directly proportional to the wide dimension. 

D. inversely proportional to the dimension. 

E. the same for all sizes of guides. 

7. A wedge to terminate a guide is placed 



A. parallel to the magnetic field to cut E lines. 

B. perpendicular to the magnetic field to cut E line. 

C. parallel to the magnetic field to cut H lines. ^ 

D. perpendicular to the magnetic field to cut H 1 ines. 

E. none of the above. 

8. - A choke joint*may have a loss of about. 

A. .01 dB 

B. .03 dB 

C. .05 dB 

• D. .1 dB ^ 
E. .3 dB 

r 

9. A waveguide device used to measure incident and reflected power 
isa 

1 

A. directional coupler. 

B. twisted sect! on ♦ 

C. termination. 

D. rotating Joint. 

E. all of the above. 

10. The proper location for a cafracltlve tuning sc«S! on a waveguide 
may be found by using a 

s 

A\ flap attenuator. 

B. directional coupler. 

C. choke Joint* ^ 

D. $1 ide screw tuner. 

E. twisted section. 
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DIRECTIONS: Circle the "T" if the statement is true and the "F" If the 
statement Is false. 

T F 1/ The input impedance of a silicon crystal diode Is low. 

T F 2. A siHcon crystal diode can be used only as a demodulator detector. 

T F 3. Impedance matching between the crystal diode and Its output circuit 
is very important. 

T F k. The operating impedances of the diode are dependent on the construc- 
tion of the diode rather than Circuit parameters. 

T F 5. Rectified current output from a silicon crystal diode Is usually 
In the order 'of .1 ma. / 

T F 6. Rectified current output Is proportional to the effective signal 
) voltage. 

T F 7. Signal output of the diode will be affected by frequency, load, type 
of crystal, bias and quantity of signal Input. 

T F 8. A silicon crystal diode may not be used as a mixer In heterodyne 
type receivers. 

T F 9. A silicon crystal diode, Is constructed of a silicon wafer and a 
barium wl re. 

T F 10. Signal conversion uslng»a silicon crystal diode produces a power 
gain at the output of the mixer stage. 
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DIRECTIONS: Match the following with the best answer. Some answers may bS 
used more than once* Each answer counts 5 points. 



1. Determines beam width 



2. Selects radiation pattern^ 

3. A radiator and reflector 



k. Uses phase velocity action^ 

5. A flared waveguide 

6. Requires Illumination 

7. Frequency sensitive 



8. 

9. 



Very high power gain_ 
Feed system 

10. Batwfng 

11. Grid 



12. Determines power gain 



13. Affects (number of lobes 



14. Causes unnecessarily large lobe_ 

15. Minimizes minor lobes 

16. Very narrow bean] widt h 

17. Cone 

ANSWERS: 



A. lens antenna 

B. slot* antenna 

C. parabolic reflector 

D. ahgle of flare • 

E. horn anteiina 

F. buttonhook 



-v. 
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G. length of horn 

H. proper design 
K. horn shape 

M. parabol Ic "antenna 

N. highly directional 

P. passive reflector 
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, DIRECTIONS: Answer each of the following questions* 




1. Calculate the sending end Impedance to a line of 300 ohms that is feet 

long at a frequency of 30 MHz. The line is terminated with a pure resistance 
of ^50 ohms. 



2. Determine the sending end impedance of a line terminated with a pure reactance 
of l.S Zo and 1.17 wavelengths long. 



Calculate the length of a matching shorted stub for a line with a charac- 
teristic impedance of 100 ohms and terminated with a complex load of 
65 + j20. 



1». Calculate the distance that the stub will be located from the load. 



1 J 
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DIRECTIONS: Circle the "T" if the statement is true. and the M F H if the 
statement is false, 

T F 1. Microwave receivers usually do not employ a radio frequency amplifier 
stage. 

T F 2. A balanced nuxer Is used In microwave receivers to assure that the 
radio frequency signal and local oscillator signal are equal. 

T F^T Local oscillators in microwave receivers are always klystron tubes 
because of the frequencies at' which they must oscillate. 

T F ft. A popular intermediate frequency amplifier^ use in microwave receivers 
today operates at ft55 kHz. 

T F 5. Bandwidth is one of the greatest considerations of a microwave receiver. 

T F 6. Microwave receivers do not need automatic gain controls because of 
the high gains of transmitting and, receiving antennas. 

T F 7. Noise figure is defined as the ratio of signal-to-noise power ratio 
at the input to the total signal-to-noise power ratio at the output. 

T F 8. Noise in each stage of a microwave receiver is added for a cumulative 
output. * 

T F 9. The signal arriving at the receiver must be greater than the noise 
input to overcome the noise to become useful output. 

T F 10. A receiver with no irrherent Internal noise will have no noise output 
once an antenna Is connected.^ 
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DIRECTIONS: Circle the "T" If the statement is true and the "F" if the 
statement Is false. 

« 

£T F 1. Path numbering of microwave signals Is called parabolic zones, 



T F 2. 



Even numbered zones are 180 degrees o^t-of-phase wltH the first 
signal zone In the microwave path- 



T F 3. A standard clearance of .06 .times the radius of the first path zone 
Is used to calculate the microwave path. 

T F k. Whop calculating th§ microwave path one needs only to know the curv- 
ature of the earth. 

T F 5. Slgnal7to-no!se ratio In a microwave system depends on equipment 
design. 

T F 6. An Isotropic antenna Is called a monopole antenna, 

T F 7. The net path loss Is free space loss minus all other losses plus 
antenna gains. > 

T F 8, Reserve gain Is sometimes referred to as fade margin. 

T F 9. Antenna gain depends on the operating frequency. 

T F 10. Path attenuation depends on the operating frequency. 
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Name: ] Date: Grade 

DIRECTIONS: On the blank llne(s) provided, writejthe word(s) that correctly 
complete each statement. 

1. Multiplexing is a system designed to m • 

2. ^'Pyramiding" is a term used to indicate that a more complex system may 
beiouilt by . 

3* A voice channel is usually kHz wide as provided by the channel 

ampl if ier. 

k. In a typical system containing 90 channels, a group modulator will accept 
an input from , jingle channels. 

5. In a typical system the total frequency output is from to 

- kHz (for a 90 channel system). 

6. A channel unit will have a total frequency output of to kHz 

7. To separate one channel from another and minimize cross talk, some manu- 
- facturers use _ * 

.8. Output of the channel amplifier of channels 21 --30 is usually __ 

sideband. € 

9. MUX may be used with/either radio or circuits. 

10*. Voice frequencies up to kHz are used in a typical multiplex 

system. 



LOUISIANA 
VOCATIONAL-TECHNICAL EDUCATION N 



MICROWAVE 



Answer Book 



1979 



LOUISIANA 
VOCATIONAL-TECHNICAL EDUCATION 



/MICROWAVE 



1979 



< PubUshedBy 

STATE OF LOUISIANA 
VOCATIONAL CURRlttlLUM DEVELOPMENT 
AND RESEARCH CENTER 
P. O. Box 657 
Natchitoches, Louisiana 71457 

in cooperation with 

TRADE AND INDUSTRIAL EDUCATION SECTION 
DIVISION OF VOCATIONAL EDUCATION 
STATE DEPARTMENT OF EDUCATION . 
P.O. Box 44064 
Baton Rouge, Louisiana 70804 \ 



This publication was developed by the Vocational Curriculum Development and Research 
Center of Natchitoches, Louisiana, pursuant to a contract with the Research Coordinating 
Unit, Louisiana State Department of Education under Program Improvement and 
Supportive Services monies. 



"This public document was published at a cost of $ 1 0 per copy by the Vocational 
Curriculum Development and Research Center for Louisiana Vocational-Technical 
Education Programs under authority of Act 355 of 1974, This material was printed in 
accordance with the standards for printing by state agencies established pursuant to 
R.S. 43:31/' L 

' ' w ■ 16(1; 

t 

/ 



State Vocational-Technical Schools of Louisiana 

MICROWAVE 
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1. E 

2. E 

3. B 
k. C 

5. C 

6. B 

7. E 

8. 0 

9. B 

10. c 
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Answers to Job Questions 



1. Fern - 300 x 100 

FMHz 

2. 2,150,000,000 Hz 

3. 7152 MHz 
1». 7-152 KMHz 



1 f> 0 
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Answers to Test 



1. c 

2. 0 

3. A 
k. *B 

5. D 

6. B 

7. A 

8. D 

9. B 
10. E 
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1. E 

2. 0 

3. B 
k. C 
5. C 

• 6. E 

7. A 

8. B 

9. C 
10. A 



Answers to Test 



* 
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1. 


A*. 


2. 


C 


3. 


B 


k. 


D 




D 


6. 


E; 


7. 


E 


8. 


D 


9. 


A 


10. 


C 



/ 
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1. D 

2. C 

3. D 
k. A 

5. E 

6. B 

7. A 

8. B 

9. E 

10. D 

i 



Answers to Test 
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Answers to Test 



1. C 

2. E 

3. D 
A 

5. C 

6. A 

7. D 

8. B 

9. A 

10. D 
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Answers to Job Questions 
J, 2.7 cm and 1.06 Inches 

2. k.kl cm and 1.76 Inches 

3. 27270 MHz 

k. 3.39 cm and 1 .33 Inches 
5. 952 k MHz 
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1. 
2. 
3. 
k. 
5. 
6. 
J. 
8. 
9. 
10. 
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Answers to Test 



1. 0 and M 



2. 


C and K 


3. 


M r 


k. 


A 


5. 


E 


6. 


C 


7- 


A 


8. 


M 


9- 


c 
r 


10. 


B 


11: 


P 


12. 


C and D 


13. 


G 




N 


15. 


H 


16.' 


M. 


17. 


E 
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RADIALLY SCALED PARAMETERS 



,355= LENGTH OF STUB IN 
WAVELENGTHS 
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1. T 

2. F 

3. P 
k. F 

5. T 

< 

6. F 

7. T 

8. T 

9. J 
10. F ' 
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Answers to Job Questions 



1. Local oscillator frequency, Intermediate frequency, and/ crystal mixer 
followed by a preamplifier are major differences. 

2. The radio frequency amplifier Is usually omitted. 
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2. T 

3. F 
i». F 

5. T 

6. F 

7. F 

8. T 

9. T 
10. T, 
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Ahswers to Test 

* 1. transmit or receive tvlo or more signals ^on one carrier wave 

2. adding additional units 

n 

3. ^ kHr 



l». 10 ' 

5. k to ^32 kHz 

6. ' to hh kHz 

7. crystal filters 

8. upper 

\ 9. wire ' ' 

10. 3 Hz » 
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1. Television relay, telephone messages, telemetry', space communications, 
etc. 



A. L - 1.12 to 2.7 GHz 

B. S/= 2.6 to 3-95 GHz 

C. (3 = 5.85 to 8.2 GHz 

D. /X = 8.2 to 12. k GHz, P - M.'k to 18.0 GHz 



. / 



3 • s ~""~Stand away from open waveguides, be sure all shields are in place, 
elon't touch active circuits, etc. 

k. Waveguides and low loss coaxial cable , 
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Answers to Study Questions 



1. A." Osci 1 lator--generates the car/ier signal 

B. Modul ator--impresses the data i/pon the carrier 

C. Power supply-^provides necessary voltages and currents 

D. Transmission line—provides a signal path from the transmitter 
to the antenna or from the antenna to the receiver ^ 

E. Jteceiver--amplif ies and demodulates the incoming signal 
% F. AFC system-- insures operation on the proper frequency 

G. ^Control system—provides failure alarm, switching, routing, etc 

i 

2. As applied to microwave, an antenna in the sh^pe of a dish 'that 
radiates energy in a parallel beam whfen the- feed point, is placed 
at the focal' point of the dish, 

<r 

3. The process for amplifying some frequency components of a signal 
to help these components override noise or to reduce distortion. 

"k. Figure 1 , thi s R.S.A.. 
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Answers to Study Questions ' • 



1. A. Klystron— a vacuum tube containing a grid, a cathode, and an ' 

adjustable cavity. A repel ler plate is used to cause oscillation 
by "bunching" electrons. t 

B. Traveling Wave Tube— contai ns an electron^focus ing gun, a helPcal 
coil to the anode (internal) and two external helixes for -input 

and output coupling. "Bunching" of the electrons due tc?the action, 
of the helixes causes oscillation. 

C. Backwave oscillator— basically a travel ijhg^wave tube,but uses 
a bi filar hel ix-and has a balanced output/ • 

0. Magnet ron--a tube that contains several/cavities and\a very strong 
magnet. If a very high dt potential \{ applied to the elements, 
it causes electrons in the central cavity to travel in an elip- 
tical pattern which produces oscillations' in- the outer cavities . 
as they pass the outer cavities. ' 

E. Gun diode '» 

F. * "Tunnel dioae"" 0per * tes on the ne 9ative resistance principle. 

2. A micrometer (or calibrated dial) is attached' to a cavity and as the 
dial is turned, the size of the cavity is varied. An indicating 

v device (meter and crystal diode) indicate when the cavity is resonant 
-at the frequency\to be measured. The dial WSS^ing i's then converted 
to .frequency if fit is not already a direct reading instrument. 

3. A cavity contai ns\all. the necessary characteristics to be a resonant 
"tank" circuit. iKconsists of 'an infinite number, of quarter wave 
shorted stubs arranged in a complete circle with the short at the outer 
edge. When excited with RF energy, it has the same "flywheel" effect 
as a parallel resonant "tank." 

High Z at Jthe open end, low Z at. the shorted end. 
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9 Answers to Study Questions v 

» ' \ s 
1. The data to be impressed on the carrier is used towary the,rep&11er 

voltage. * 
2 % Bias voltage - * 

3. Up to around kO MHz 4 * 

4, FM, double sideband AM, PM, etc. , 
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Answers to Study Questions 
Round, square, rectangular and ell iptical f 
A • Lovy rR loss 

B. Low insuTation loss f 

C. Very rugged 

D. ^Simple construction - „ 

E. ^Minimal radiation loss „ • 

F. Good power^fcandl i ng capability » 

A. Physical size is limited - ' 
«. Unable to carry signals less than the design value (Le. cutifcf 
frequency) • ^ 

/ Electromagnet ic and electrostatic a 

The normal- configuration ofK electromagnetic field in a rectangular 
waveguide.^ w ! 

When the^l/Sfctric 1 field is perp ? ndic*Jifcto the length of the guide 
and no E lines are parallel to thp di rectiSrr^of/ travel of the wave. 
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Arw^/ers to Study Questions - 

1. Two methods are A.) a small probe inserted into the guide and B) a 
loop inserted intoithe guide. ^ 

2. The field is rotated (see Fig. 6) 

kS degree bend spaced one-quarter wave from another **5 degree 
bend causes a direct reflection in one bend that, is canceled by the 
inverse reflection leaving the fields as. if no reflection had occured 
In case^of a single 90 degree bend, the fields remain in the same 
plane,and, if the bend is not too short, the reflect ions, are minimal . 



A specially designed joint using stubs to an'adVantage to keep the 
joint from leaking radio frequency energv^. 



5- A. Graphited sand in the end of a guide 
B. High resistance rod in the E field"* 



t 



C. * A wedge -cut ting the H J?L*es ^ 
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v - Answers to Study Questions 

1. A detector whose rectified output current Is proportional to the square 
of the effective value of tHe signal voltage. 

2. Impedance must be matched, conversion loss, noise output 

3. 1000 MHz* and up 
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Answers to Study Questions 

1. Horn and parabolic reflector 

2. Angle of the flare of the sides and the length of the flared section 
3". High power-gain and narrow be^m width 

f». A grid used to bounce (or change direction) of a microwave ^ignal 
(It is not excited directly by the transmitter). 
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1 . See Smith Chart 

\ 

2. See Smith Chart 



3. A. Resistance 

fk Conductance 

C. Impedance 

0. Susceptan^e • 

E. VSWR 

F. Admittance 

G. Reflection coefficient 

k. See Smith Chart 

5. .^.5 wavelengths 

6. 180° 
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Answers to Study Questions 
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Answers to Study Questions 



1. A. Balanced mixer 

B. To .cancel any noise input f rom 'the local oscillator 

2. Klystron tubes or solid state devices ^ 

3. Noise f igure—ratio of total signal-to-noise power ratio at the input 
terminals to the total signal -to-nol se power ratio at the output 
terminals after correcting for the bandwidth of the receiver. 

k. Yes 
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2. 
3. 
k. 
5. 



A numbering system of the paths that a mircrowave signal may arrive" 
at the receiving antenna. 

.6 x radium of the circle of the first zone 

Topographic map - 

Higher than 33% 

A. Transmission line losses 

B. Free space loss 

C. Antenna gain 
0. Transmi tter' power output 



i) 



6. A hyp6thetical antenna radiating or receiving equally well in al 
directions 

7. A. Skin effect losses in waveguides 

B. ' misalignment of antennas 

C. Accumulation of foreign matter on antennas 
0. Polarization errors , 



